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APU
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HALE

HP
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SYMBOLS AND DEFINITIONS

Wing Aspect Ratio, b2/S

Speed of Sound

Aircraft

Automatic Flight Control System
Auxiliary Power Unit

Wing Span

Specific fuel Consuption (see Table 3);
also Wing Chord (€ = Mean Aerodynamic Chord)

Center of Gravity
Drag Coefficient D/qs

Lift Coefficient L/gs

Rolling Moment Coefficient
moment

Pitching Moment Coefficient qSb

Yawing Moment Coefficient

Side Force Coefficient — Y/qS
Drag

Force

Generic Controller Transfer Function,
Particularized by Subscript

Acceleration of Gravity, 32.2 ft/sec2
Height, Altitude

High Altitude Long Endurance
Horsepower

System Element Gain

Knots

iii




In

NLF

n

RN

RPV

RSS

TOGW

UDF

SYMBOLS AND DEFNITIONS (Continued)

Lift

Natural Log (to base e)

Mach Number

Natural Laminar Flow

Load Factor, L/W; also nautical as in n miles
Dynamic Pressure, 1/2 pU2, also Pitching Velocity
Range

Yaw Rate

Reynold’s Number

Remotely Piloted Vehicle

Relaxed Static Stability

Wing Area

Laplace Operator

Static Margin = 3Cy/3CL

Thrust, also First Order Time Constant
Time

Takeoff Gross Weight

Forward Air Speed

Unducted Fan

Forward Velocity

Weight

Distance in Forward Direction
Sideforce

Spanwise Distance from Center-line

Vertical (down) Acceleration due to Lift
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CR

FFT

G, GR, gnd

le

SYMBOLS AND DEFINITIONS (Concluded)

Angle of Attack

Angle of Sideslip, also JI:;;

Control Surface Deflection Angle
Designating an Increment e.g., AR, At
Oscillatory Damping Coefficient

Ratio y/b; also Propeller Efficiency
Airplane Pitch Attitude

Wing Sweep Angle

Wing Taper Ratio

Atmospheric Density

Summation/Total e.g., ZR = Total Range
Bank Angle

Oscillatory Frequency

SUBSCRIPTS

Aileron, as in 6§,

Designating Critical eg., Mgr

Dutch Roll e.g., wqg

Elevator or Elevon

Free Flight (Wind) Tunnel (LaRC)
Designating Ground e.g., Xg, XgRr: Xgnd
Initial, also Induced (Drag)

Leading Edge

Designating Pitching Moment eg., Cy;
also Mach-/Related e.g., CDM = JCp/ayM



MG

nom

P1, P2

PT

R

rotn, rot

sp

Sp1, SP2

TO

trim

SUBSCRIPTS (Continued)

Designating Maximum e.g., CLMAX

Main Landing Gear

Designating Yawing Moment, e.g., Cp

Nominal

Designating "Design" (e.g., CLO) or Static (e.g., Tg)
Phugoid Oscillatory Mode; also Rolling-Associated
e.g., CIP = 6Cn/6[%%]; also Parasite as in CDp
Decomposed (2 First Order) "Phugoid" Modes

Pressure (Wind) Tunnel (LeRC)

Pitching-Associated e.g., CMq

Yawing-Associated e.g, Cnr = acn/a[ggJ;
also Rudder-Associated

Wing Root e.g., Cp

Designating Rotation

Stall, e.g., Vg

Short Period Oscillatory Mode

Decomposed (2 First Order) "Short Period" Modes
Wing Tip e.g., C7; also Thrust e.g., ACnT, BT
Designating (Outboard) Trim Flap e.g., é¢
Designating Takeoff

Designating Trimmed Condition

Designating Plunging Velocity e.g., Zy
Designating Crosswind

Designating Sideslip e.g., Cnﬁ = 9Cn/d



SUBSCRIPTS (Concluded)

Designating Aileron Deflection e.g., C“S - 8Cn/85a
a
Designating Rudder Deflection e.g., Cng_ = 8Cn/85r
r
Designating Roll Transfer Function Numerator, e.g., wg

Initial, Final e.g., Wi, Wp

Designating 50' (Obstacle) Height
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INTRODUCTION AND SUMMARY

The concept of using active automatic control to allow stable flight
at (ordinarily unstable) aft cg locations -- so-called relaxed static
stability (RSS) -- has been shown to generally improve cruise efficiency
thereby permitting either reduced weight or increased range-payload
performance. The largest improvement for conventional aircraft appears to
be for supersonic cruise; then the aft cg location acts to strongly reduce
the required longitudinal tail size and the tail down-lift required to
trim, and their associated drag. However, conventional subsonic transport
aircraft also benefit from RSS as evidenced by the Refs. 1-3 series of
studies which uniformly show about 4% improvement in fuel efficiency.
Some of these benefits are due, not only to the impact of RSS which per-
mits smaller tails and concomitant reduced weight and drag, but also to
the underlying Active Control Technology which allows the use of automatic
air-load-alleviating trailing edge surfaces to effect reductions in design

loads and in wing structural weight.

Spanwise distributed fuel and payload is a better way to achieve wing
load alleviation and weight reduction. In their purest embodiment such
"span loader" aircraft become flying wings which then combine the benefits
of both reduced structural weight and reduced profile drag. That is, the
combined effects of a "good" (not the highest achievable) max L/D and of
a high fuel/payload weight fraction, produce a superior range/payload

performance.

The beneficial effects of relaxed static stability on such aircraft
are potentially very significant -- all stemming from the fact that
required trailing-edge trim surface deflections, normally negative for
stable cg’'s are now positive for unstable cg locations. In other words,
longitudinal trim, instead of involving reverse wing camber, now results
in positive camber. The immediate effect is an increased trimmed maximum
lift and attendant improved landing performance. This "classical” result
was the primary reason for the original patent obtained by Northrop Air-
craft in the early 1940’s which foresaw these particular performance

benefits of relaxed static stability for flying wing aircraft.



Notice that the favorable shift from down- to up-lift, similar in
kind to that for conventional tailed aircraft, is now much more powerful
in degree and exerts a dominant effect on (increased) trimmed maximum Cj,.
This effect permits a reduction in wing area, versus a reduction in tail
area for the conventional aircraft. Obviously the former exerts the

greater influence on the resulting weight saving.

The potential drag reduction due to positive (versus reverse) camber
at trimmed cruise Cj, is expected to be of roughly the same magnitude as
that due to the smaller, uploaded tail on the conventional airplane. In
addition, though, the cambered wing critical Mach number at cruising lift
coefficients will also be improved with proper design. Finally, because
trimming is now beneficial rather than detrimental from a drag standpoint,
it appears that the conventional spanwise-distributed, discrete trailing
edge surfaces (e.g., inboard-, mid-, and outboard-span) may be used to
effect better lift distributions for both slightly reduced drag and wing
bending moments. That is, positive inboard and mid-span camber can be
countered with a little reverse outboard camber to shift the center of
lift distribution inboard and reduce the high tip loadings due to wing
sweep. Such "opposed" static and maneuver trimming is possible regardless
of cg location, but is more effective at aft cgs because the net camber is
positive rather than negative. However, it must be emphasized that such
re-distributed 1ift possibilities, at best secondary effects, are not
nearly as powerful regarding wing-load and -weight reduction as is the
primary inertial relief afforded by span distributed fuel and payload.
Perfect inertial relief, e.g., for a fully loaded condition, will shift
the maximum wing bending moment to lighter weights or possibly to landing-
impact conditions. This permits either a lighter wing structure or higher

maneuver load factors for a given structure.

The maximum trimmed lift improvement potential of the RSS flying wing

extends also to any tailless aircraft., Thus a tailless fighter airplane

with RSS cg locations, can be designed with a smaller lighter wing, while
retaining equivalent field takeoff and landing performance. Wing drag
reductions due to positive camber will further enhance altitude perform-

ance. However, span-loading contributions to wing weight saving will be



negligible because of limited wing volume and the greater capacity of the
center-body which is then the natural receptacle for most of the carried
load.

If low observability is a desired characteristic of such a tailless
fighter, it will have minimum appendages, so that most of the available
control "surfaces" will be limited to devices attached to, or part of the
wing. The smaller wings resulting from the RSS design process then
exacerbate such control limitations; and the low resulting available con-
trol power emphasizes the importance of the wing-alone stability deriva-
tives, some of which are not well quantified. In these respects the
blended-body, tailless fighter and the flying wing can have similar con-
trol design problems. More conventional aircraft will have sufficient
control power to swamp the wing derivatives with feedback-created arti-

ficial derivatives, so that the inherent derivatives are not so important.

On all the above counts, the flying wing configuration emerges as a
limiting best/worst case for the study of potential benefits and penalties
of RSS. The present study was undertaken to quantify this potential in
terms of range-payload improvements; and to identify other possible opera-
tional and handling benefits or problems, including needed technology
advances to convert the "promise" to reality, recognizing that such
promise can be partially extended to tailless aircraft in general. The
potential control power deficiencies are also explored especially with

reference to the effects of poorly-quantifiable wing cross-control and

cross-rotary derivatives (e.g. C“Ga’ Cnp).

In the body of the report itself we progressively treat:

Configuration Selection — the process of deciding between two
basic subsonic geometries: one a "modern" high aspect ratio,
short-chord wing proposed as a high altitude long endurance
(HALE) RPV; the other a wider, lower aspect ratio, high volume
wing suitable for internal stowage of all fuel and payload
required for a manned long range reconnaissance mission. The
latter, the "old" Northrop YB-49 geometry, is selected for a
variety of reasons (see Table 1) including the ready avail-
ability of much more complete baseline design data, and of
studies updating the structure, power plant and other equipment.

Drag Relationships for the above-selected configuration are
summarized in Table 2 and record the expected effects of



(stable) up- and (unstable) down-deflected controls on both
Cp(Cy) and Mgr(Cy).

Specific Fuel Consumption for the power plant type selected--
an unducted fan (UDF) turbine combination, only two of which are

required -- characterized and clarified in Tables 3 and 4, and
the associated text,

RSS Effects on Max Cj and Weight develops and discusses the
trimmed maximum Cj, effects of RSS and the resulting allowable
reductions in wing area and weight as summarized in Tables 5
and 6 respectively. The stable version has a "normal" 5% static
margin; the unstable a negative 8% static margin as limited by
stall-recovery pitch control power. The ratio of maximum Cy,
unstable (RSS): stable is about 1.41 allowing a corresponding
reduction in wing area from 4,000 (stable) to 2,800 (unstable)
square feet. The weight considerations and calculations show
about a 7,000 1b reduction (10.6%) in weight empty for the
smaller wing; and apply specifically to the primary manned
reconnaissance versions, both of which reflect takeoff weights
of 194,000 1bs. A later expansion of the study to cover
similarly stable and unstable light weight (30,000 1b) RPV
versions is detailed in the section labeled Light Weight RPV
Versions.

Range/Endurance Computations for the manned versions start with
the variation of incompressible L/D and Mgr L/D with M and with
CL. The wunstable (smaller) version shows about a 3-1/2%
improvement in Mgp L/D at a slightly increased Cj, and slightly
reduced M. The differences in cruise Cj, and wing loading result
in lower cruise altitudes by about 7,000 ft, for the unstable
version which is, however, arbitrarily held to an initial alti-
tude of 35,000 ft. The resulting maximum ranges, developed in
Table 7 favor the unstable version by about 14%. The maximum
endurance, computed at 20,000 feet (Table 8) because of the
improved specific fuel consumption arising from the lower cruise
Mach numbers, shows about a 9% advantage for the unstable case.

Light Weight RPV Versions, using the same basic wings but
reduced weights (30,000 1b T.0.G.W.), were formulated to explore
possible differences due to the drastically decreased wing
loadings and increased altitudes. The weight breakdowns shown
in Table 9 reflect a weight empty saving of about 9% for the
unstable version. As described in Table 10, the higher alti-
tudes and resulting reduced Reynolds numbers permit a general
drag reduction due to increased natural laminar flow (NLF);
however the theoretical best cruise altitudes approach 83,000 ft
(end of flight) and even "paper engine" performance at these
high altitudes is considered doubtful. Accordingly, range and
endurance are computed for a constant 60,000 ft cruise altitude.
Furthermore, to increase the power absorbed by the propeller
(UDF), one engine is shut down and the prop feathered for



weights <15,000 1lbs; and the feathered prop drag is added to
each configuration.

The resulting 60,000 ft endurance (Table 11) is greater for the
unstable version by about 7%; and the range (Table 12) by a
significant 23%. The components of the latter disproportionate
increase are identified and shown to be due in part to a mis-
match in the selected 60,000 ft cruise altitude for the larger
stable version. When altitude 1is allowed to increase with
decreasing weight so that both wversions always cruise at best
ML/cD, the range advantage of RSS (bottom of Table 12) is
reduced to "only" 14-1/2% quite consistent with the manned air-
craft result.

Take-Off Pexrformance for the manned versions shows a marked
dependence on assumed ground roll trim settings and resulting
Cp, and Cp. 1Initial comparisons (Figs. 6, 7) show that the best
unstable 50 ft clearance distance is about 45% greater than the
best stable. However, taking advantage of the automatic trim-
ming inherent in the flight control system, which is necessary
to stabilize and fly the unstable version, permits a reduction
in ground-roll Cp, Cp such that the resulting 50 ft clearance
distance (Fig. 8) is now about 14-1/2% less than the best stable
distance. Take off performance for the unstable RPV version
(shown in Fig. 9) is much improved because of the reduced wing
loading (2,010 ft versus 6,500 ft for the manned version).

Stability and Contyrol Characteristics are computed based on the
estimated derivative coefficients given in Appendix A which were
combined with inertial and geometric parameters to compute the
dimensional derivatives and control input transfer functions
given in Appendix B. The feedback and gains used to addition-
ally stabilize both versions longitudinally are shown on
page 36.

The computed 1longitudinal response to Step # command inputs
(Figs. 10, 11) show a considerably reduced delay (a factor of
about 2) in the h response for the unstable case. This differ-
ence is traceable to the direct-lift contributions of the auto-
matically downward trimmed elevon. Such delays, especially
characteristic of tailless aircraft due to the strong down-lift
associated with nose up elevator moments, sometimes constitute a
handling problem; the reduced delay due to RSS is generally
quite significant and beneficial.

The remaining stability and control situations studied are all
for lateral control involving, in order:

. Cruise w¢/wd (Table 13) — lower (worse)
values for the unstable configuration

-



° 6§y for engine out at T.0. (Table 14) — more
marginal for the unstable case

° Crosswind trim (Table 15)

Rudder limits worse for unstable case
Rudder + diff thrust limits better unstable

(Table 16) aileron, bank limits worse for
unstable case.

. Yaw suppression in rapid rolls (Table 17)

Available rudder power imposes a limit on usable
aileron for roll control for both versions.

Results, Conclusions, Observations and Recommendations are given in

the final paragraphs of the main text, which follows now starting with,

as noted above, the section concerning the choice of wing configuration.

CONFIGURATION SELECTION

To emphasize the area of greatly expected performance improvement,
the design mission chosen for the study was high altitude long range/
endurance reconnaissance. This selection, in part, also reflected the
existence of fairly recent design interest in, and information on,
remotely piloted versions of these aircraft (Fig. 1). The availability of
such baseline information was considered a prerequisite because of the
very limited scope of our own study. In fact, we sought to expand the
applicable database to the extent possible by also considering updated
versions of the manned YB-49 (Fig. 2) as represented by the advanced tech-
nology version defined in unpublished NASA-sponsored studies by Kentron
International (authored by R.V. Turriziani): NASA/ASO file 3-9200/4LTR-
260, Sept. 14, 1984.

The considerations involved in choosing between these two configura-
tion extremes are listed in Table 1. Here it may be seen that the YB-49
inertial and aerodynamic data and information are much more complete, as
also evidenced by the listed Refs. 4-12. Furthermore, the YB-49 is not
space limited so that reduced wing areas (reflecting increased max Cj) can

still accommodate design gross weight fuel and payload consistent with a
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TABLE 1.

CONFIGURATION SELECTION CONSIDERATIONS

MANNED YB-49 RPV HALE
Weight Data Quality SOLID (1)Questionab1e
Engine Alternatives 2 1
Control Effectiveness Data Complete ‘ -k_mwagdimentary
Stability Derivative Data Wi?ixfﬁgﬁ:;“?nd Estimates
Inertial Data Actuals Estimates
Airfoil Type Symmetric (2) Camber-Reflex
Space Limited No Maybe
Wing Loading 48.5 6.1
Approx. T.0. Distance 7500’ (3)(1000')

(1) Conventional empirical wing weight formulas don’t account for

distributed span-loads.

(2) Reference 19 discarded reflex because of expected upper surface

B.L. separation at .70¢.

(3) Probably not critical:

CLyax

unimportant.




manned aircraft, whereas the Fig. 1 geometry probably cannot. The heavier
manned versions are basically more efficient because the load will be
distributed practically full-span; not so for the much lighter RPV'’s.
Finally the RPV’s will not be as critical as regards take-off or landing
so that maximum Cp, may be relatively unimportant. For these reasons we
chose the YB-49 configuration as the basis for the study replacing the
eight jets and four fins with two turbine-driven eight-bladed counter

rotating 12.5’ diameter unducted fan (UDF) propellers.

The hydraulic system hinge moments are proportional to scale® and may
be taken as governing actuator sizes and weights; however, the hydraulic
line weights will vary with length or directly with scale. Averaging
these effects gives a factor again roughly equal to the ratio of wing
areas (=scale?). Finally the surface control weights are dominated by
surface area which is, again, proportional to the wing area ratio. Thus
the general rule applied to the reduction of these items in the column 4

tabulations was to multiply the column 3 values by 0.7,
DRAG RELATIONSHIPS (TABLE 2)

The first line, basic drag, reflects the incompressible YB-49 drag

data given in Ref. 5, as does the second line for ACp(§). Substituting
the gtable (static margin SM=.05) variation of 6§ with Cj, (Table 2 trim
equation) results in the total incompressible Cp(C;y) shown which yields a
maximum L/D=26.4.

For the unstable cg (SM=-0.08), the ACp variation shown reflects the
improvement in section drag variation with Cp, due to positive flap deflec-
tion (camber effect on "design" C;) as inferred from the data in Ref. 15.
Substituting the unstable variation of § with Cf, results in the incompres-

sible Cp(Cy) with a maximum L/D=27.6.

The next section of Table 2 relates to the estimation of the critical
mach number Mgp to be used in the CD/CDinc multiplier (Ref. 5) given in
the bottom Table 2 equation. The basic relationship shown is that in
Ref. 5, extended for Cj, > Cy, by the third term reflecting the theoretical
Mcr(C1) variations in Ref. 14 for the basic YB-49 airfoil. The AMgR($)

10



TABLE 2,

TRIM ANGLE EFFECTS ON Cp, Mcp

BASIC (§ = 0°) Cp = .0070 + .051Cy2
FOR STABLE CG  ACp = .0000585°2
SM = .05 §° = 1.83 - 7.04CL,
Cp = .00719 + .0539C12 - .001494CL
MAX L/D = 26.4
FOR UNSTABLE CG  ACp = .008 (Cp - .025°)2
SM = -.08 §° = 1.83 + 11.27¢;,
Cp = .0070 + .0481C;2 - .000454C],
MAX L/D = 27.6
BASIC Mcr = .670 - .063Cy, - .063(Cy, - CLO) + AM¢gRr($6)
N—— s’
for Ci, > CLO
FOR STABLE CG  Cp = .35 AMcR($) = 0
Mcg = .670 - .063Cp - .063(Cp - .35)
N, v’
for Cp, > .35
FOR UNSTABLE CG Cp, = .35+ .026° AMgR = -.000856°
Mog = 6684 - .0726Cp - .0488(Cp, - 0.50)
\E--\vﬂ--—/
for Ci, > .50
GENERAL
Cp M 410 M 420 M 50
= 1.00 + .08(;—) + .01[z—] + .001[c—
®Dine (MCR) (MCR) [MCRJ

11




term is to account for small reductions in Mgp due to increments in design
Ci, (positive camber). For the stable cg this is zero as shown; and Cp, is
constant =0.35 in keeping with the original basic two-term equation which
is considered applicable to the stable YB-49 (Ref. 5). For the unstable
case the "design" Cj, varies with control trim deflection as does AMgp,

both based on the Ref. 14 data.
SPECIFIC FUEL CONSUMPTION

The power plant characteristics as regards specific fuel consumption
(c) were not directly available because the engine data document referred
to in the above-cited unpublished Kentron study was declared proprietary
and denied to this project. However, those data included maximum range
and endurance results for given weights and associated average M, Cp, L/D,
¢ values for a variety of configurations; and the Table 3 considerations
show that the values of specific fuel consumption, also shown, can be
considered equivalent to thrust specifics [Igl%égﬁgzl rather than shaft
horsepover specifics as for conventional turbo props. This is consistent
with the fact that the unpublished Kentron data do not include propeller
efficiency, 7, as a tabulated parameter; and with the relatively high disk
loadings of the small diameter propellers. This renders their thrust
variation with speed more akin to that of a Turbofan as shown for example
in the Ref. 18 data, later used to support the selected propeller diam-

eter. Table 3 progressively shows:

° the range equation pertinent to thrust specific char-
acteristics
. the reserve used (in the Kentron study) to compute the

final weight, Wy

. the derivation of a factor (1.36) to convert range to
endurance conditions

. the use of this factor to compute the weight allowance
corresponding to 30 min at SL max endurance =462 1b

° 5% of the initial fuel (6036 1b) the total reserve
(6498 1b) and Wy, the final weight=79914 1b

. the range at M=.64, corresponding L/Dc, W1=194,143 and
Wy as above =19029 nautical mi

. the Kentron study range =18441

12



TABLE 3. SPECIFIC FUEL CONSUMPTION BASIS (THRUST OR HP?)

Check Kentron study Tabulated Range, Weight, L/D etc. vs. Computed Range
based on:

W1

c - Whr n
Wy

T and corresponding Range = a

01X

z 2
where

a = 573.8 kts (h > 35k ft), W; = 194,143,

Wy ~ reserves = 5% of initial fuel + 30 min at SL max endurance

Kentron (Table VII) Endurance/Range Comparisons for 40% Natural Laminar
Flow (NLF) show

L/Dc endurance 25.3 .373
L/Dc range .289 24,0

- 1.36

Use this factor for the more appropriate Table VI C (Kentron) exam-
ple 25; then

21.6

L/Dc endurance = 1.36 x 370 79.4
: D 73416
AW(30 min) = W(L cIAt = 9.4 X 0.5 462 1b
5% initial fuel = .05 x 120727 = 6036

total fuel reserve = 6498

Wo = 194,143 - 120727 + 6498 = 73416 + 6498 = 79914

Using Range formula (above) based on thrust specific

21.6 194143
R = 573.8 X .64 X 370 n 79914 = 19029 n miles

Kentron Range = 18441 n miles
3% error

Similar Comparisons for other Example Cases

<"« ¢ based on thrust OK
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° the conclusion that specific fuel consumption, c,
based on thrust is a proper characterization for the
selected engine-propeller combination.

The Ref. 19 thrust and fuel flow data, for a similar propulsive unit
are converted to thrust-specific fuel consumption data in Table 4. These
data are plotted beneath the Table and show a linear variation of thrust-
specific fuel consumption (normalized by the wvalue at M=.65, h=35 kft)
with M which is consistent with the Kentron data which show that ratios of
c for M=.3 to those for M=.64 lie between 0.760 and 0.775; the value given
by the Table 4 equation fit to the data is 0.75.

RSS EFFECTS ON MAXCj AND WEIGHT

The first set of performance comparisons were made for a manned ver-
sion; a later set considered a much-reduced-weight RPV version. For both
versions there was a reduction in wing area for the unstable case because
of the increased max Cp, as computed in Table 5. The general trim and lift

equations in Table 5 are from Ref. 5; the C relationship is consistent

with the Ref. 12 data for an identical wingL:;:nform. The stable case has
a 5% and the unstable case has a negative 8% static margin; i.e.,
Xcg/c — .303 = -.05 and +.08 respectively. The unstable static margin
is limited to 8% because of nose down pitching moment requirements at
stall corresponding to 5 = .08 rad/sec?, (Refs. 19,21) which requires
+11.1° of elevon (6,) deflection. This, added to the trim deflection,
practically saturates the elevon (which only has about 25° of linear
effectiveness). The ratios of stable to unstable max Cj, are 0.7 for both
50° and 0° of landing flap so that the unstable wing can be reduced to
70% of the baseline 4000 ft2 without landing or takeoff performance

penalty,

The weight buildup data for the manned versions are shown in Table 6.
The first three columns are assembled from the figures given in the Ken-
tron study, with the first representing the baseline YB-49. The maximum
ramp weight, constant for all columns in Table 6, is consistent with YB-49
and Kentron information. The major differences are between the first and

second columns, both for aluminum construction; and are due to "advanced

14



TABLE 4. SPECIFIC FUEL CONSUMPTION (M, h)

Reference 19 fuel flow and thrust data converted to c with following
results

;ft 0 2 4 .6 75 85
0 .352 .429 .539
10 .419 514 .617
20 .502 .595 .656
30 .579 .635 .667
35 .580 .635 .667

Based on a "nominal" value ~ M = .65 at 35 Kft
c/Cnom = .54 + .74M

fits data within a max conservative error of 5% for all altitudes above
20,000 ft -- see plot below.

VARIATION OF SPECIFIC FUEL CONSUMPTION

WITH M,h

1.0k
c
Cnom
0.9}
o 20K ft
oc.8r ® 30,35K ft

0.7

-

15



TABLE 5. TRIMMED MAX (i,

GENERAL: = 1.34 + .00866¢ + .01296, + .00645

CLyax

X
- —=<B _ . - -
CMpgy = ©-13 + (=% - .303Jcy - .00106f - .00465¢ - .00255

FOR &§¢ = 50° 0 o
St 5e CLMAX
STABLE -33.5 -6 1.48
UNSTABLE +34.5 +10° 2.12
FOR 6 = O°
STABLE -34 +8 1.23
UNSTABLE +39 +12 1.74

technology" and corresponding projected improvements in avionic equipment,
use of carbon brakes and radial tires (reflected in "structure" savings--
other than wing), a reduced crew and associated service, and the more
modern propulsion represented by 2 GE36D engines plus 8 bladed counter-
rotating 12.5' diameter swept propellers (de-rated thrust at 100 kt = 2 Xx
17000 1b). The column 2 weights shown for the APU, avionics, furnishing
and equipment, air conditioning and anti-icing are consistent with those

given in Ref. 19 for these items.

The third column represents further improvements, due to composite
materials and construction, in the wing, nacelle, and control surface
weights; and due to a reduction in payload from 16000 to 7500 pounds. The
final column is for the unstable version which has a reduced wing area
(.70 x 4000 = 2800 ft?) reflecting, of course, the increased maximum CL's
shown in Table 2. The affected weights are those for the smaller wing,
surface controls and hydraulic systems, as derived from the following

considerations.

The various applicable wing weight formulas of Refs. 22,23 yield
values of .679, .765 and .84 for the ratio of the 2800 to 4000 ft? wing

weights. However, the formulas do not reflect span loading effects, being

16



TABLE 6.

ESTIMATED WEIGHTS

YB-49 STABLE STABLE UNSTABLE
ADV TECH(AZ%) COMPOSITE COMPOSITE
Structure 41746 36901 30277 24994
Wing 23285 23285 ] 17613 12330
T
Propulsion 23383 11731 --- ---
Systems & Equipment 23891 14345 13465 11857
Surface Controls 4313 3613 2733 1913
APU 907 907 --- ---
Instruments 832 532 --- ---
Hydraulic 3082 2586 --- 1798
Electrical 2058 1658 --- ---
Avionic 6623 2512 --- ---
Furnish-Equipment 4640 2000 --- ---
Air Conditioning 1049 349 --- ---
Anti-Ice 387 188 --- ---
Weight Empty 89020 62977 55473 48582
Crew 1675 900 --- ---
Crew Service 2450 1000 --- .-
Crew Container 1050 0 --- ---
Operating Weight 94195 64877 57373 50482
Payload 16000 16000 7500 7500
JE S WU I e [ o
Weight Empty 110195 80877 64873 57982
Total Fuel I 83948 113266 129270 136161
Ramp Weight 194143 --- --- ---

17




rather fits to statistical, historic data. Because the fuel load is about
5.2% higher for the smaller unstable version (column 4) and the span is
only 83% as long, the distributed span loading will be denser and the
resultant load relief higher. Accordingly, we would expect somewhat lower
weight ratios by some 5% to 10% than those listed; and applying such cor-

rection places the above median value near 0.70, the ratio of wing areas.

RANGE/ENDURANCE COMPUTATIONS

Figure 3 is an initial cut at determining maximum range. It shows
incompressible L/D and Mggr L/D vs both M and Cy, for the stable (solid) and
unstable (dashed) variants. The most significant maximum values are those

for (McrL/D)max which are listed below

Mcr L/D CL
17.088 .34
17.079 .36} stable
i;'ggg ';g} unstable

These values of Cp, are used to determine and to plot the variation of
cruise altitude with weight shown in Fig. 4. In this case 6§ 1is the
atmospheric pressure ratio p(h)/po. This plot graphically illustrates
that the smaller wing, unstable version has a cruise altitude deficit of
about 6000-7000 ft. 1In fact, the max range calculation shortly to follow
assumes that the minimum cruise altitude is 35,000 feet as indicated by

the dotted vertical line.

Figure 5 is an example plot of the compressible M L/D vs M/Mgr for
the stable, Cy=0.34 case. This plot is typical and illustrates that the
maximum range-relevant (compressible) ML/D=15.663 occurs for M/Mgpr
between 1.00 and 1.005.

Table 7 is the max range computation using the foregoing results, a
3% weight allowance for initial climb to 35K ft in 200 miles of range,

weight empty for end of cruise, and a nominal specific fuel consumption,

18
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Figure 3. Incompressible L/D and MgprL/D

c=,368, (from Kentron). Accordingly the stable range, corresponding to

the cruise altitudes of Fig. 4 is 30,125 mi as shown.

For the unstable case, the initial segment at a constant 35K ft is
above the best cruise altitude (Fig. 4) and is flown at constant M=0.65

for the conditions tabulated and weights ranging from 188,319 at end of
climb to 150,000 1bs where 35K ft is the optimum cruise altitude. From
150,000 lbs to weight empty =64900 lbs the remaining range is at increas-
ing cruise altitude as shown in Fig. 4. The total range, shown in

Table 7, 34,392 mi is a 14% increase over the stable case.

Table 8 is the max Endurance Calculation. The altitude chosen,
20,000 ft, is not in keeping with the originally described "high altitude"
mission, but it yields greater endurance because of the better specifics
due to the lower cruise Mach numbers at lower altitudes. Later calcula-

tions for the lightly loaded RPV versions will be at high altitude.
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250 - W 2
Climb S - 1481.2 M<C_S
Allowance
200+ 194,143
W/ 1000 D i [ 188,319
(Ibs) ' Stable
150 - (CL=.34-.386)
Min. Cruise
Alt. = 35K ft
100 |-
Unstable
(CL=.36-.38)
50 |- 58,000 —~
1 | 1 |
30 40 50 60
h/ 1000 (ft)
Figure 4. W vs h for MaximumMgp L/D
.66 |-
65 M —HI15.7 .
L
M M D
64} L -15.65
M D
63 -15.6
I | i i
.98 .99 1.OO 1.0l
M/ Mcr

Figure 5. Typical M, Compressible L/D vs M/Mgp
Stable, C;=0.34
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TABLE 7. MAX RANGE

Assume .03Wpg = fuel to climb to 35,000’ in 200 mi (Ref. 19)

Wl = start cruise weight = .97 (194143) = 188319 1lbs
Wy = weight empty (no allowance) = 64900 stable, 58000 unstable

.368 for similar M and altitude

0
i

For Range at cruise altitude:

ML, "
R = a . D In Wy + 200
660 188319 .
Stable = 368 15.663 fn 64900 30,125 mi
Unstable - initial segment at 35K ft is above alt for best

range; fly at:

M = const = 0.65

W/1000 CL Dinc M/Mcr M L/D AR
188.32 .457 .0168 1.0245 15.766
180 436 .0159 1.0209 15.971 1286.0
170 .412 .0150 1.0180 16.055 1642 .4
160 .388 .0141 1.0153 16.129 1749.7
150 .364 .0132 1.0125 16.221 1872.3

The remaining cruise alt range + climb allowance is:

660 150,000
368 16.221 In ‘3@?666 + 200 = 27842

Total = 34392 mi
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Ci, =

0.37

TABLE 8.

Dinc

W
1,007 305 (stable)

= 1.00

L _
D

MAX ENDURANCE AT 20,000 FT
26.39/27.59

W
705114 (unstable)

Ws
At - (% %)avg #n wiil; - anm 368
M ¢/Cnom At
W,/1000 STABLE | UNSTABLE | STABLE | UNSTABLE | STABLE | UNSTABLE
194.143 .439 .869
.522 (.8675 | .932)_
190 434 - .866 1.78 | 1.74
498 (.8525 | .9135),
160 399 T 839 14.45 | 14.10
453 (.824 | .8797),,
130 .359 809 18.07 17.70
404 (.7925 | .843),
100 .315 T 778 23.74 23.33
.349 (.757 | .800),,
70 264 738 | 33.79 | 33.43
(.734)
64.9 .253 o .730 739
.301 (.766) 18.41
58 R a
Total Endurance (hours) 99,22 108.71
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Getting on with Table 8, max L/D's as listed occur at about Cp=0.37
(Fig. 3) for both stable and unstable cases. The tabulated computations,
using the relationships above the table, are for the weight progression
shown and proceed from the cruise Mach number to the value of c/cpon(M),
as given by the Table 6 equation, to the time increment, At. The c¢/cpop
values in parenthesis are averages for weights halfway between those tab-
ulated; and these were used to compute At. For the stable case these were
obtained by averaging c/cpop for the starting and ending weights (and M)
in a given weight range, and they are shown interpolated between such
values. For the unstable case we simply computed M and c/cpop for the

average weight a priori; hence only the parenthetical c/cpop’s are shown.

Notice that the higher M’'s for the wunstable smaller wing area
increase c/cpoy so that the endurance for given weight increments is
smaller than that for the stable case. However the smaller final (unsta-
ble) weight takes over at the end and produces a net increase in endurance

of about 9.5%.
LIGHT WEIGHT RPV VERSIONS

To expand the scope of the study we also examined light weight HALE
RPV type configurations for the same wing areas: 4000 and 2800 ft2
respectively for stable and unstable conditions at a takeoff gross weight
of 30,000 1b each. As the acronym implies, HALE RPVS are remotely oper-
ated unmanned reconnaissance vehicles which carry fixed surveillance pay-
loads to high altitude, remain on station hopefully for days, return to
base and land intact, requiring only refueling for the next mission.

Weight Breakdowns for the stable, 4000 ft? wing are shown in the first

column of Table 9. These weights are based on ratios of various items to
gross weight for the heavy manned version as "verified" by comparison with
similar Ref. 14 ratios. For example, the Table 3, column 3, structure
plus surface controls is about 17% of the T.0. (ramp) weight. A similar
ratio is "achieved" in Ref. 14, although landing gear is apparently not
included, and the wing aspect ratio is 20 (Fig. 1) vs a modest 7.4 for the
YB-49 planform. Neglecting these opposing differences for the time being,
the structural weight in the first column is shown as 0.17x30,000 = 5100

lbs. The propulsion fraction in Table 3 is .0604 and this translates to
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TABLE 9. WEIGHT ESTIMATES FOR RPV VERSIONS

TOGW = 30,000 LBS

Based on Ref. 14 and heavy version weight ratios, and corrections to
reflect the weight breakdown, given in an unpublished Northrop HALE
study (Dec. 1987).

EST'D FROM | DIRECT FROM
WT RATIO REF. 15
Structure 5100 4846
Fuel Tank ) -- 520
Propulsi;;r 18£;“”‘“' 2709
Avionics — SSI“» 200
Landing Gear | incld’d 450
Actuators " -- 360
Payload | 15%8 ) 1500
Deicing %8 | .-
Weight Empty 9439 10585
add 1500 1lbs our estimate = 10939 (4000 FT%)
Reduce wing, control surface and
hydraulic system weights (3870) by 25% 9968 (2800 FT2) =

*s = 3761, b =1230", AR=14.1, A, _ =30°, all-moving 14’ winglets
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the 1812 1bs shown in Table 9; for comparison the propulsion weight in
Ref. 14 is 1690 1b although this does not iInclude an 8 blade counter
rotating propeller. The deicing, avionics and payload are taken directly

from Ref. 14 to yield a total (first column) of 9439 1lbs.

The second column in Table 9 shows the weights estimated in the above
cited HALE study for the configuration described in the Table 9 footnote.
Considering the differences, especially in power plant, fuel tank,
and landing gear weights, it was decided to add 1500 1lbs to the column 1
estimate as indicated. Accordingly the stable (4000 ft?) version zero
fuel weight is 10,939 1bs. For the unstable (2800 ft2?) case the wing,
control surface and hydraulic system weights are scaled down by 25% to

yield a zero fuel weight of 9968 1lbs.

Maximum Range/Endurance considerations listed in Table 10 need a

little expansion as follows:

1. self-evident

2, at optimum cruise altitudes between 57K and 83K ft,
root chord RN's vary from 12 to 4x10® which theore-
tically allows 60% NLF

3. 60% NLF would theoretically reduce drag more than the
20 counts assumed, which is therefore slightly conser-
vative

4, although we are talking paper engines, flight at 83K
for the scaled down engines seems an unconservative
llhope "

5. therefore both range and endurance were computed at
60,000 ft, and one engine cruise (other engine
feathered), to increase the power absorbed by the
propeller, for weights less than 15,000 1b; the
feathered prop drag coefficients (Ref. 18, referred to

wing area) are shown for stable/unstable versions.
L}

Endurance Computations shown in Table 11 start with the max L/D

column which shows the decrease due to feathered prop drag at 15000 1lbs.
The corresponding Cps for best L/D are .310 and .322 (30,000-15,000 1bs)
and .322 and .338 (below 15,000 1bs). The succeeding columns show the
corresponding loiter Mach number, the relative specific fuel consumptions

per the Table 6 equation, and finally the endurance time increments. The
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TABLE 10, RPV-TYPE MAX RANGE/ENDURANCE CONSIDERATIONS

1. Lower wing loading leads to higher cruise altitudes.
2. Resulting Reynolds Numbers (RNs) are appropriate for
Natural Laminar Flow (NLF).
Accordingly reduce Cp, by .0020 each configuration.
4. Optimum cruise altitudes— 83k ft at end of flight
-- probably too high for good propulsion power/thrust.
5. Assume 60k ft for endurance and range; further, fly
one engine (prop feathered) from mid to final weight
to raise power. Increases drag by .00039/.00056 for
W < 15000 1b.
TABLE 11. RPV TYPE ENDURANCE AT 60K FT
(L/D) M c¢/Cnom At
W/1000 STABLE ;UNSTABLE STABLE { UNSTABLE STABLE | UNSTABLE STABLE | UNSTABLE
30 31.29 32.72 .48 .56 .900 .960
25 | 44 .51 .870 .923 17.52 17.23
20 .39 .46 —jg;s .885 | 22.42 21.95
15 .34 .40 .795 .840 30.05 29.67
s o3 w0 | o | s | 7ss | s33
10.539 - - "T;}‘“" 7 T;;3 33.79
9.96g__ .32 .780 42.69
TOTALS 104.23 | 1l1l1.54

At

L/D Wi

In
.368(c/cnom)av Wil
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latter show, as for the heavy manned version (Table 8), that the unstable
version only catches up at the end because of its larger fuel fraction
(lower final weight). The endurance advantage of the unstable case is
about 7.3%.

Range at 60,000 ft is compared in Table 12 which displays some of the
components of the range calculations, again assuming one-engine operation

for W<15000 1b. The big advantage accruing to the unstable, smaller-wing

case — some 23% improvement — 1is partly due, of course, to the fuel

fraction advantage 1i.e., in(28.2/9.968) -1 = 9, 8%. The remaining
in(28.2/10.939) M L/D

133 or so is due to differences in 67653; which, for a typical

condition (in this case 15,000 1b with one feathered prop) is made up of

the following increments for the ratio of unstable to stable values:
+12% for increased M
-4% for increased c/cpgp
-.18% for increased Cp/Cp, , due to increased M/Mcp

+6% for increased incompressible L/D

+13.8% for increased _M L/D
c/cnom

Best Cruise Range. Some of these differences, e.g., in M, are due in

part to a mismatch in altitude for the stable case. When the altitude is
allowed to increase with decreasing weight so that both configurations
always cruise at best ML/cD the range comparisons (at the bottom of the
last column) show "only"” a 14 1/2% advantage for the unstable case; almost
identical to the Table 7 comparison for the manned versions. Remembering
that about 10% of this is due to the improved fuel fraction (above) leaves
only about 4%, which is directly traceable to the difference in incompres-
sible L/D. That is, both best cruise cases occur at M*.617, Cy;=0.30, and
M/MCR:.iSD so CD/CDinc’ ¢/cnom and M are the same; and differences
in M L/D are due only to (L/D)jpc. Note that the effect of c/cn

C/Cnom
variation with M, considered negligible for the manned version Range com-

om

putation, reduces "best" M/Mcr from 1.0025 in Fig. 5 to 0.95 in the

present case. Also there is, of course, a difference in cruise altitude
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TABLE 12.

RPV VERSION RANGE AT 60k ft

Assume 400 mi climb to 60,000’ uses fuel = .06 W;
feather one prop for W < 15,000 1lbs

best range conditions

/1000 M cL M L/D AR
J ¢/Cnom
STABLE | UNSTABLE STABLE | UNSTABLE STABLE | UNSTABLE STABLE | UNSTABLE
28.2 .519 .566 .25 .30 16.917 | 18.860
21.6 .463 .532 .24 .26 15.738 | 17.913 7811.7 | 8796.8
15 .403 461 .22 .24 14.096 | 16.257 9760.5 | 11179.0
15 .394 443 .23 .26 13.399 | 15.289
12.2 .356 .23 12.542 4808.8
11.000 .395 .24 13.910 8125.2
R ——
10.939 .340 .22 12.058 2408.0
— — — N
9.968 .375 .24 13.778 2447 .3
660.34 (M L/D Wi  iles
AR .368 (C/Cnom] fn Wisl
Max Range = 400 + ZAR = 25189 30948
For continued 2-engine operation at best cruise altitude
Range = 31736 36383
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with about a 7000 ft advantage accruing to the stable, larger-wing, ver-
sion version which starts at 71K ft.(vs64) and ends at 91K ft(vs85). This
same altitude difference also applies to the manned versions as depicted
in altitude difference also applies to the manned versions as depicted
in Fig. 4. On the whole there is satisfying consistency between the
manned heavy, and the RPV, light versions except for the "constrained"

60,000 ft. altitude comparison,
TAKE-OFF PERFORMANCE

The reduced wing area for the unstable configuration(s) is predicated
on achieving the same take-off (T.0.) performance, for given T.0. weights
and thrusts, by virtue of maintaining constant wing area X max Cy. In
this regard, take-off rather than landing is deemed more critical because,
for the latter, the unstable case has a reduced landing weight for the
same wing area x max Cp. Accordingly we compared only take-off per-
formance to ascertain whether the reduced wing area, unstable version was,

in fact, equivalent in critical T.0. performance.

The thrust variation entering into the take-off calculation was com-
puted using the Ref. 18 propeller data and the Kentron study shaft horse-
power, de-rated somewhat, to allow a 12.5' diameter propeller for the
manned versions. The T.0. thrust variation with speed was estimated from

applicable data in Ref. 18 as T = 41,447-44 Vgpg.

Drag and Lift coefficients were computed for control surface deflec-
tions corresponding to trim (Cy=0) at 1.2V stall, equivalent to
Max Cy/1.44 = .85(stable), 1.21(unstable), where the landing gear pitching
moment increment, modifying the Table 2 equation for Cy, is (Ref. 5)
ACy = .011(4000/8)3/2. For the ground run, the Cj due to a was set to
zero and the trim increments in Cj, computed according to the Table 5 equa-
tion for MAXCL' A landing gear drag increment, ACp = .0190(4000/S) was
added to the basic, Ref. 5, Cp, . = .0070 + .051 Cr2 + .000030 6g2 +
.000017 5t2 which was used for both stable and unstable versions. For
the trim conditions (inset) in Figs. 6 and 7, the corresponding ground

roll 1ift and zero-lift drag coefficients are:
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6e 6t CL CD

gnd o

Fig. 6 Stable 8 -34 -.1144 .0476
14 -34 -.0370 .0516
4 -15 -.0444 .0303

Fig. 7 Unstable 12 39 L4044 .0643
8.8 34 L3311 .0561
16.4 20 .3396 .0490

The first of the above-tabulated conditions in each set corresponds to
trim at max C; with the landing gear retracted which represents one
extreme of the possible trim variants. The remaining two conditions in
each set are for trim at 1.2Vg with gear extended as stated above. The

rolling friction coefficient was fixed at 0.02.

Figure 6 displays take-off performance for rotation, initiated by a
10° pitch command ramp (5 sec) to the AFCS (discussed later), at V=200 fps
corresponding to about 1.1Vg. The upper plot displays main gear reaction
force, speed buildup, and altitude vs the ground distance traveled. The
lower plot shows the variation of a and §, with time. For the example
trim condition plotted, the T.O. distance to clear fifty feet is 7600 ft.
The importance of selected trim condition is shown in the tabulated ground
roll and fifty foot clearance distances. From the corresponding ground
roll Cp's and Cp,’'s tabulated above it can be appreciated that the X dis-
tances tabulated are not quite in the order of the drag coefficients,
although the distances to rotation speed (not given in Fig. 6) are:
4700', 4850', and 4200' for the order given in Fig. 6. The differences in
X distances following rotation are apparently due to differences in lift
buildup as influenced by the 6,(t) time history. For the first tabulated
trim condition the lift first exceeds weight at about 47.5 sec correspond-
ing to the Fig. 6 peak §, at about the same time. However, for the last
tabulated trim set (which has lower Cp, and X,,¢ distance), the lift 2
weight condition occurs later at about 50.0 sec and the §, trace does not

overshoot but rather flares into, the final trim value.

For Fig. 7 which is a similar set for the unstable vehicle, the §,

variation with time is smooth and exponential-like (as illustrated) for
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all cases so that the performance shown is more governed by the basic drag
coefficients than by wvariations in lift-off elevator timing. Thus the

tabulated X distances increase with increasing values of the above-listed
Cpos-

Figure 8 shows what happens if we take advantage of the self-trimming
capacity of the unstable, AFCS-stabilized version and reduce all trim
settings during the take-off roll to zero. The corresponding zero 1lift
drag is calculated to increase after rotation by not only the induced drag
proportional to CLz(a,S) but also by the parasite drag increase due to 6e2
(which is not a significant contribution) as indicated. The result is a
spectacular improvement in performance, reducing the best of the Fig. 7,
50 foot clearance distances, 11,000 ft, to 6500 ft. A corresponding zero
trim calculation for the stable case (not presented) actually showed a
performance deterioration apparently due to the long §g "tail," fairing
into the final trim value at about 56 seconds; the corresponding X dis-
tances are about 100 to 200 ft. longer than the worst in the Fig. 6 table.
Note that for the "good" performance plotted both in Fig. 6 and in Fig. 8,
the rapid lift buildup due to the positive §, rotation and overshoot pro-
vides fast liftoff in about 5 sec., which, incidentally is the time for

the 10° pitch command to ramp up.

Figure 9 illustrates the =zero trim take-off for the lighter
(30,000 1b) unstable RPV case. Despite the disproportionately lower T/W

(T = 4950-5.25V), the 50 ft. clearance height is achieved in about
2100 ft. due, of course, to the much reduced wing loading.

A significant feature of both Figs. 8 and 9 is the rapid and large
positive elevator deflection which contributes directly to the rapid lift
buildup and short take-off performance. The point is, take-off per-
formance may not be crucial for the RPV versions (depending on available
field lengths); but the similarities between Figs. 9 and 8 argue that
regardless of a large range in weights and wing loadings, it is possible

to achieve similar or better take-off performance with a smaller wing,

deliberately unstable (relaxed static stability) configuration.
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STABILITY AND CONTROL CHARACTERISTICS

The stability and control derivatives in coefficient form were
estimated/computed and are given in Appendix A. These data were utilized
together with inertial and geometric parameters to compute dimensional
derivatives and control input transfer functions as given in Appendix B.
The longitudinal transfer functions for 1landing were combined with a
second order actuator model ({=.707, w=12 rad/sec) and used to determine

suitable longitudinal AFCS feedbacks and gains as follows:

s + 2
S

Stable 6e =20 + q = g )

Unstable 6e = 3.5 (E—iEELZQ)q

These are, in fact the control laws used in the above-discussed take-
off computations., Their effect for landing on the longitudinal charac-

teristic frequencies, dampings, etc., are as follows:

W
“sp Csp P ‘p

[1/Tspl 1/Tsp2] [1/Tpl 1/Tp2]

Stable
FCS off 1.11 .533 .197 .127
FCS on 1.92 446 .248 .99
Unstable
FCS off (-.745 1.501) .237 .231
FCS on 2.52 .786 (.103 .935)

Figures 10 and 11 show the time history responses to step # commands
for the augmented stable and unstable versions respectively. The altitude
responses at the cg and pilot’s station for the unstable configuration are
faster for either location by at least a factor of 2. That is, the flat
spot or effective time delay is about 1/2 to 3/4 sec for the unstable, and
about 1-1/2 seconds for the stable case. The latter is close to that
shown in Ref. 27 for a "current jet transport, so neither response is

bad," however, for larger, higher inertia tailless aircraft (e.g. SST) the
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two fold reduction afforded by the RSS version could be crucial to good
handling. The elevator traces show that the difference is due to the
strongly positive elevator pulse, and attendant direct-lift contribution,

for the unstable case.

Table 13 displays the values of the aileron yaw parameter, w¢/wd as
collected from the computed ¢/6§, transfer functions in Appendix B: The
differences between the stable and unstable versions, are due primarily to
the values of Cng, as affected by the negative/positive trim surface set-
tings estimated from the data in Ref. 17 and documented in Appendix A.
The already marginal values for the stable case are pushed into the defin-
itely poor region (Ref. 21) for the unstable version. Good flying quali-
ties in this regard would demand an aileron-to-rudder crossfeed to counter
the aileron yaw; but rudder power is already marginal for the YB-49-type

(double split flap) drag rudder assumed as shown below.

Table 14 computes the thrust offset yawing moment for loss of an
engine just beyond lift-off speed. Despite the "tight" engine lever arm
assumed (10’ for a 12.5' propeller) and the omission of windmilling or
even feathered propeller drag, the required percentage of available rudder
power approaches 90% for the unstable case as opposed to slightly more
than 50% for the stable configuration. This difference is directly
ascribable to the (scale)3 effect of the smaller wing and control surfaces
for the constant thrust, propeller diameter etc., needed to obtain com-

parable cruise and take-off performance.

TABLE 13. CRUISE wé¢/wg

cL = .36 % .01 wh/wg

STABLE  UNSTABLE

W = 194,000 h = 40,000 .836 .723
20,000 .786 .719
= 65,000/58,000 20,000 .764 .698
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TABLE 14. RUDDER FOR ENGINE OUT T.O.

= 194,000 CL -7 CL
- 237 fps max
T = 17,000 lbs
T
ACn T W CL b
STABLE UNSTABLE
CL 1.04 1.48
max
AC, .00368 .00626
6y .526 .894
6y available = 1.00

Table 15 further illustrates the rudder control-power problem with
estimates/computations of the trimmable (f=o0) crosswind at 1.2Vg for the
landing weights shown. Note that these computations cover both the manned
and RPV versions, with figures for the latter given in parenthesis. The
values shown for g are the maximum trimmable with: full rudder, subscript
r (the same for both manned and RPV); full asymmetric thrust AT = 17,000/
(2300) 1bs, subscript T; and for both full rudder and asymmetric thrust,
ZB. The corresponding trimmable crosswinds are shown for the combined
rudder and thrust, and for the rudder only. For the latter, the trimmable
maximum crosswind in a wingdown sideslipping approach, is 10 * 1.2 kt for
the manned, and 4.2 * .5 kt for the RPV, version; with the positive and
negative increments accruing to the stable and unstable versions respec-
tively. Using maximum asymmetric thrust and full rudder raises the allow-
able crosswinds to 38.2 * 3.9 kts for the manned, and 13.6 + 9 kts for the
RPV, version, with the positive and negative increments now accruing to
the unstable and stable versions respectively. That is, the unstable
versions are more controllable with combined thrust and rudder and less
controllable with rudder alone. This is consistent with the fact that
constant thrust moments are more effective on the smaller shorter-span
wing; and rudder is less effective because of the higher Cj-related values

of Cphg, Cpp. The big difference between the RPV and manned versions is
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TABLE 15.

YAW TRIM IN CROSSWINDS FOR FLAPPED WING AT 1.2 Vg

CL
* Czﬂ
BASIC DATA -- FROM REF. 4
Cnﬁ
C
-BCq, -+ Cp 5.7 25,
B = Cr Cn
ng a
c, -¢C a
a n5r
AC,, = 2L X Cn
T 1Y b C. - ¢ 83
nﬂ Eﬂ Cﬁaa
landing weight includes 1000 1b reserve W
(600)
ACnT

(full rudder = 1 rad) By

BT

2B
1.2 Vg kt

max Vy kt

rudder only Vy kt

STABLE UNSTABLE
1.04 1.48
-.060 -.100
.045 .065

.048
-.033 -.0058
.007

.0413 .0529
65900 59000

(11500) (10500)
.0156 .0296

(.0121) (.0225)
.170 .132
.377 .560
(.293) (.425)
.547 .692
(.463) (.557)

= 66(28)

34.3 42.1
(12.8) (14.5)
11.2 8.7
(4.8) (3.7)

*trim 6o and propeller effects not included

fassumes Cy = 0
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due to the lower wing loading and reduced landing speed (28 vs 66 kts) of

the former.

Operational viability would seem to require the use of some asym-
metric thrust for reasonable conventional crosswind landing capability;

rudder alone is marginal to inadequate.

Table 16 is a check on the aileron power and bank angle requirements
for the same (Table 15) landing conditions. The final result is that for
maximum values of 6§, limited to *15° (remember that the mid-span elevon
serves as both elevator and aileron and elevator is first priority), the
maximum trim values of B are .42 and .25 rad which translate to allowable
crosswinds of 26.9(11.4) and 16.3(6.9) knots for the stable and unstable
cases respectively. These values are lower than those shown in Table 15
for max V4 although exceeding those shown for rudder only Vyz. We conclude
therefore that the sideslip conditions corresponding to full asymmetric
thrust, as assumed in Table 15, are untenable from the standpoint of
available aileron roll control, which will limit maximum crosswind condi-
tions, using partial asymmetric thrust, to the values shown above.
Finally, the values of ¢max shown in Table 16, appear to be sufficiently
low (because of inherent low side forces) so that possible wing tip ground

contact during landing operations will not be a problem.

The calculations in Table 17 are intended to roughly delineate the
magnitude of the yaw control problem during rapid rolls. As shown in the
first equation (for yaw balance) the rudder must be able to counter at
least the aerodynamic yawing moments due to rolling motions and aileron
inputs. Inertial and kinematic coupling effects are neglected in this
simple approximation because products of inertia are small for flying wing
aircraft, and rolling is about the velocity vector. To the extent that
the aero balance can be "perfect" there will be little B excitation during
rapid turn entry and exit. Once the desired bank angle is achieved, the
yawing moment due to yaw rate, r = g/U, ¢, takes over, but this is seldom
as crucial a problem as the rapid roll. Accordingly, we substitute the
single-degree of freedom approximation for the roll parameter, pb/2U,, to
obtain the simple (third equation) relationship between the §, input and

the 6§, required at the peak p response in the turn entry/exit maneuver.
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TABLE 16. AILERON, BANK LIMITS IN STEADY
CROSSWINDS FOR FLAPPED WING AT 1.2 Vg

STABLE UNSTABLE
CL 1.04 1.48
BASIC DATA REF -- FROM REF. 4 Cy; -.184 -.235
-.265 0.351
C
y
52 “Ctp P (-.236)  (-.310)
A Cas, Cog -.060 -.100
C£63 .048
-8a/8 1.25 2.08
C
¢ _ B
B CL
.255 .237
¢/8
(.227) (.209)
0
for 5amax = 30 (.524 rad), Bmax .42 .25
26.9 16.3
max V, kt
(11.4) (6.9)
6.1 3.4
$max
(5.5) (3.0)
*propeller effects included in the next row, amount to -AC,, = .0518

and .0746 for RPV, and 1.56 X these for heavy, versions. Y6

Cg
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TABLE 17. YAW SUPPRESSION IN RAPID ROLLS

b -
Cnp 5%; + CnSaSa + Cn6r6r 0
C )
b . £6a a
2U, -Czp
Cn C
64 n
_ P
C ) - = )
253 a [ C£5a czp] ng. r

0486, (+ 0.2 + .332) = .0076y
W

some "typical" large values

br
'S—a = 3.65
0
allowable 6, = 3625
= 16.4°

The numerical values shown for the ratios Cnéa/Cl6a and Cnp/Clp are, as
indicated, typical large values for fairly high Cy's (.7 Cymax = .86
stable, 1.22 unstable) as shown in Appendix A. Both of these parameters
are very difficult to estimate with any accuracy so the values chosen are
deliberately shaded to the high side to avoid over-optimism. The final
result shows that the permissable maximum value of §45 which can be
balanced by full rudder is 16.4° which is only a little more than half of
the (30°) available. That is, the maximum aileron input (and resulting
roll rate) must be limited to 55% of that available. Possible differences
between the unstable and stable cases are within the accuracy of this

rough calculation which is therefore considered applicable to both.
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RESULTS, CONCLUSIONS AND OBSERVATIONS

The foregoing results are collected and summarized below in two
categories; significant quantitative Conclusions regarding performance and
control/handling improvement or degradation and Observations which explain

and generalize the results and conclusions

Conclusions

1. An unstable flying wing configuration, flying at best
cruise altitude, shows a 14% improvement in range over a
stable configuration for either a manned (heavy) or RPV
(light) version; maximum endurance at given constant
altitudes are increased by 9% to 7% for the unstable case.

2. Trim surface deflections during ground roll have a large
effect on takeoff performance. Best unstable takeoff was
achieved with zero trim and, following rotation, the auto-
matic increasing Cy, due to stabilizing, positive §, motions
(akin to direct lift control). The 50’ obstacle distance
improvement, over the stable version is about 15%.

3. The unstable version shows improved height response to
elevator control because of similar positive §, motions
which reduce the apparent delay to about 1/2 that of the
stable case.

4, The unstable configuration has higher adverse yaw than the
stable because of the downward trimmed elevon surface. The
resulting values of wg/wq = 0.7 accentuate the aileron-
induced Dutch roll excitation, and will probably be
critical from the standpoint of Level 1 Flying Qualities.

5. Rudder control for loss of an engine at Take-off, holding
B = 0, is marginal, (89% of capacity) for the unstable and
quite comfortable (53%) for the stable version (partly a
consequence of the relatively small thrust offset = 10').
However, a delay in applying corrective, rudder could lead
to dynamic overshoots which would require larger deflec-
tions thereby eroding both margins and making the unstable
version definitely critical.

6. Rudder only control in crosswind conditions appears totally
inadequate for either configuration. The rudder saturates
at very low B, with the unstable 22% lower than the stable
case. Adding asymmetric thrust, as might be possible for
landing operations, offers good potential improvement, with
the unstable now some 25% better, but leaves aileron power
as the limiting factor, with the unstable now some 40%
worse than the stable case. The maximum trimmable A's for
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the unstable condition go from .132 radians for rudder only
to .692 for rudder plus asymmetric thrust to .25 for the
aileron limit (see Tables 15 and 16). The latter trans-
lates to allowable crosswinds of only 16.2 and 6.9 knots
respectively for the manned heavy and RPV light cases; and
does require full rudder plus some asymmetric thrust for
yaw balance.

Rudder control in rapid rolls, which may not be required
operationally, is inadequate to allow use of more than 55%
of aileron power.

Observations

1.

The differences in RSS range improvement for the flying
wing, 14% vs 4% for conventional configurations, can be
traced primarily to increases in max Cj, for the former.
This permits a direct reduction in wing area and associated
weight vs a reduction in tail area for the conventional
case. Both cases offer Cp improvements, the conventional
due to the smaller tail, the flying wing due to positive
camber.

Best cruise altitudes for the stable version are about
7000’ higher than for the higher wing loading unstable
version.

The weight-favorable span-distributed payload character-
istic of the heavy manned version would be difficult to
achieve for the RPV version. 1In this regard, the absolute
weights estimated for the latter may be optimistic, but the
relative weight differences due to RSS are probably repre-
sentative.

The allowable degree of RSS instability is limited by an
assumed requirement of .08 rad/sec2 nose down control for
stall recovery. Removal or reduction of this requirement
would allow smaller wings and greater improvement of RSS
performance; however control limitations and problems could
be exacerbated (see below).

Because of the direct-lift effect of downward trim (noted
above in Conclusion 2), takeoff performance for the
unstable version, set up to be equal on the basis of
stalling speed, was actually better (15%) than for the
lower wing loading stable version. Taking advantage of
this effect would permit further wing area reduction and
concomitant additional weight and performance improvement.
If landing rather than take off were critical, the RSS
reduced weight empty (Table 3) could be invoked for similar
further reductions (11%) in wing area.
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10.

11.

Because the study was conducted for only a nominal cg
location for each version, the issue of nose wheel lift-off
for maximum forward cg did not arise. However, the
unstable is better than the stable version in this regard
because there is more nose-up pitch control power available
due to down or zero, rather than up, elevator carried for
take-off trim.

The shortened delay in altitude response for the RSS
version is not particularly significant since the longer
delay for the stable case is still considered satisfactory.
However for larger, higher inertia aircraft where such
delays do become critical, the reduction factor of almost 2
for the unstable case would offer significant handling
improvement.

The "poor" values of wd/wd discussed for the unstable case
can, of course be improved by crossfeeding aileron to
rudder to modify the "effective" value of Cn,;,. However,
as noted earlier, rudder power is in short supply and such
usage could exaggerate the general rudder control problem.
Moreover, finite values of the difficult to estimate rudder
cross-control parameter, Cp,,., assumed zero for this study,
reduce the effectiveness of the crossfed rudder.

Control power deficiencies of the unstable, over the
stable, version are due to the higher takeoff and landing
Crs; and to the positive (downward) deflected trailing edge
surfaces. Both these effects contribute to higher
estimated static and rotary stability, and cross-control,
derivatives.

However, the prediction of wing geometry and trailing edge
control surface deflection effects on wing-only yawing and
rolling derivatives is not in good shape. CFD codes to do
this are apparently non-existent; and analytic-empirical
methods are quite incomplete and not well supported by
experimental data. This may also be true for the incre-
mental zero-1lift and lifting drag contributions of trailing
edge surface deflections.

The above conclusions and observations regarding marginal
rudder power are for a double split flap drag rudder
occupying approximately the outer 20% span of a 7.4 aspect
ratio wing (see Fig. 2). Longer rudder span, and other
types of rudders, e.g., all movable wing tips, could con-
ceivably increase rudder power somewhat but probably by
less than a factor of 2. Increasing aspect ratio but
keeping rudder percent span constant is not effective
because rudder area X lever arm is proportional to Sb
which means that the rudder effectiveness in coefficient
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form, Cngs,, remains essentially unchanged by changes in
aspect ratio. Accordingly, any improvement in rudder con-
trol due to increased aspect ratio would have to come from
reductions in the most critical, but not too well under-
stood, yawing derivatives Cnjy and Cn;,. On the other hand,
the AC,, due to differential thrust would definitely be
reduced — bad for crosswind control but good for engine
loss at T.O.

12. A more refined unstable flying wing would encompass dis-
tributed camber and twist to provide self-trimming (zero
trailing edge deflections) at cruise, and ideal 1lift dis-
tribution to minimize induced drag. The technology to do
this is currently available.

13. The foregoing conclusions and observations apply in kind,
if not totally in degree, to all tailless aircraft as noted
in the Introduction and Summary. The control-related pro-
blems are then most appropriate where the tailless type in
question is configured as a low observable with minimum

control appendages. The flying wing then becomes a
limiting best/worst case for all such aircraft.

An overall conclusion of the study is that the promise of consider-
ably improved range and endurance performance for an RSS, over a normally
stable, flying wing configuration, is realizable; that take-off perform-
ance is comparable to better, depending on control surface trim settings;
and that the delay in altitude response on landing approach is cut in
half. On the debit side, rudder power, generally crucial for any flying
wing, or low observable tailless aircraft, is more marginal for the
unstable RSS version; aileron control-power, also marginal for crosswind

control is more so for the RSS version.
RECOMMENDATIONS FOR FURTHER STUDY

1. The requirement of .08 rad/sec2 nose down control for stall
recovery, which limits the degree of allowable instability,
should be explored for its applicability to low pitch
inertia all-wing and tailless aircraft.

2. The DLC-like automatic stabilizing, downward §g motions
which improve unstable take-off performance and landing
path response, should be further studied to determine their
general handling and operational applicability and suit-
ability.
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3. Because of low Cy,g, flight at 8 = 0 is a possible option
yB
for the one-engine cruise postulated for the latter por-
tions of the long range cruise. The performance and
handling aspects of such operation, perhaps akin to the
oblique wing, need exploration if the concept is deemed
viable after preliminary studies.

4, In the same vein, and reflecting the common rudder defi-
ciency problem, the practical possibilities of non side-
slipping (i.e., yawed) approach and the details of the
accompanying final 1landing maneuver and control power
required should be explored in an operational and handling
context, (Of course a non-maneuvering landing using a
castoring crosswind landing gear is a design possibility.)

5. The generally deficient rudder control problem, itself,
deserves further consideration and study to establish
limits of achievable control power for possible new (as yet
undiscovered) or old types of effectors.

6. Of course the Item 5 rudder power problem is intimately
tied to the uncertainties in the wing rotary and control
derivatives, e.g., Cnp, Cng,, Onp, Clsy. Methods of

estimation and computation for these derivatives, espe-
cially as influenced by trailing edge surface deflectionms,
should be initiated and diligently pursued (see Item 10
"observation").

Note that the last 4 recommendations are important whether or not the
flying wing or tailless fighter aircraft is to be flown in an RSS or nor-

mally stable mode.
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Review of NACA ACR 4411 Collection of balanced-ail test data to see if
useful re Cls5, on flying wing project.

Consider only non-protruding overhangs to begin with, e.g., C series,
D series, E-V to VIII:

Look at: 1/2 span wings 1lst with Cn (rather than CD) data.

Eliminate: C€ VIII, XIV, XV, D I, III, IX, D IV, V 1level TR
E II1, IV, (o C> ) Vi1, VIII

Search remaining for a n Cp, variations

C36 plain sealed .155C aileron +20° -4.5<a <16.6

37 1/3c internal bal aileron +14° -4.4 17.7
C40, 41 poor print Reasonable scale on C, plots

42 internal .563 bal $+20° -.36 <C;<1.25

43 internal .563 bal +20° -.36 <C;<1.25 ail extended to tip
C46a plain unbal .150C +30° - 40° a=1, 8, 15

46b .30 internal bal +20° - 30° a=1, 8, 15

47 .35 internal bal +20° - 25° a=1, 8, 15 + inbd flap
Cc50 .29 internal bal .150C 120° o =0, 8, 12

1/2 scale C, plots

Cc71 .30 internal bal .18C +30° -4.2 <a<17.7 full span
72 .56 internal bal .18C +15° -4.2 <a<17.7 ail
1/2 scale C, plots

C75 .35 internal bal +15° aa = .3, 5.7, 10.9
76; 77 ditto flaps = 50°; ditto bal plate removed (unsealed)
1/2 scale C, plot

El6 plain .155¢ +30 C;=0.1, 1.06 full span tab
17 .005C gap +30 C€;=0.1, 1.06 full span tab
1/2 scale C, plot

E20 internal .688 bal .15C +15° Cn = .02,7 full span tab
21 internal .688 bal .15C +15° Cp = .02 1/2 span tab
22 .563 bal .162C +20 CL - ,02, .71, 1.25 1/2 span tab
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Cr
§ a =

Left Wing
+20 -
16
12
8

4 0 - +,

0

-4 -

-8 -
-12 -
-16 -
-20° -

(Cn/Cyp) Vvs 6¢

+20 +

16 +.

12

8

4

0

A -
-8 -
-12 -
-16 .
-20 -

-4.5

.0005

0002

.0005
.001
.0015
.002
.003

0225

021

0168

0120

.006
0

.0051

0102

.0146

0185

.021

Supposed trimmed:

a -
atg

s

.06

- 0022
- 0012
- 0008
- 0006
-.0002

-.0002
-.0005
-.001

-.0015

.0225
.0205
.0167
0120
.006
0
-.0053
- 0105
-.0158
-.0208
-.025

+4.5
- -40

- 440

Consider + §, on £h wing; then

+ 4+ + 0

.39
-4.5

.0037
.0027
.0020
.0012
.0008

.0002
.0004
.0004
.0004

Cp

fa =
+ 16 =

0232
0220
0185
0133

.0067

0

.0058

0115
0172
0227
0280

+12

.0185
-.0020

+20
.0232
-.0037

.73
8.8

0045
0035
0025
0012
0006

0006
0012

.0015

0015

.0015

0225
0205
0167
0120

.006

.0059

0118
0177
0237
0295

1.05
13.3

- 0060
- 0050
- 0040
- 0025
- 0012

0010
0018
0025
0030
+ 0037

020
0182
0147
0105
.0053

-.0054
- 0108
- 0152
- 0194
- 0230

-20

-.0280

-12
-.0172
+.0004

- + for -84 on rh wing ,*, change signs of Cp, C, for

-54 and add both sides:

)

- -4
- +4
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CL =

.0455
.0404

1.24
16.6

0070
0055
0040
0025
0012

0014
0025
0036
0040
0045

.0020
.0041



Repeat Above

a=45

62 = -4° 6§ = +12 - Cl 0185
Cn -.0020

-20 Cl -.0280

Cn 0

= C£ 0465

Cn -.0020

Cn/Cz -.0430

+4° § = +20 Cz .0232
Cn -.0037

-12 Cz -.0172

Ch +.0004

z Cl L0404

Cn -.0041

C,/Cy -.1015

8.8

0167
-.0025

- 0295
+.0015

.0462
-.0040
-.0866

0225
-0045

-.0177
+.0015

.0402
-.0060
-.1493

Trimming with down elevon increases adverse yaw!
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FLIGHT CONDITION ANALYSIS
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4ooo . .2 . _O» ’ o .Bﬂﬂi_-usalﬂi-_ia_»_g_.a.&L
(hefe) if p=0)

(5] attes) v fps) MG oep) v (dep)

0 I O ? ‘Il » ° 2 0 ? o

S - S Y

C C C Ca,  6T/3M v 38T/35Th

——Aﬂll——L..l;l-‘-&b-—L-"—MlJ&———

" Cis CLS (define &, below)
B 14 ’ =2l : Eleuor _in Pitch

s ’

L_D_LE_LE_I:LIJI,[II]:[IL].I]II:LIl_l




AFTF FILE NAME : A:FWLANSTA. INF

02-26-88 10:25:18

FLYINGWING/LANDING/STABLECONF IG/SL/HEAVY

SEOMETRY &

vT ALFHA GAMMA LX A LX H LX I
198.0 0.0 0.0 20.0 0.0
A KHO MACH X10 7J
1116.5 002377 17735 6.0 0.0 prop location
g C WE IGHT 1Y ALTITUDE
4000,0 2620 194140, . 11903E+7 0.0 -
NON-DIMENSIONAL DERIVATIVES:
cL CLA CLAD CLM
1. 040 4. 390 0.0 0.0
CMA CMAD cME CMM
- 220 Q.0 -1.560 0.0
cD CDA CDM ™ TDTH
. 2580 . 6550 0.0 ~B528. O 1.000 ~
CDDEP CLDEF CMDEF
0.0 . 740 - 260

DIMENSIONAL DERIVATIVES:

XU XU * XW TU
-, 08049 -. 08176 . 06006 - Q012659
ZU U * ZWD W
- . B85 —. 5245 0.0 - 7250
MU MU * MWD MW
0.0 0.0 0.0 -. 004558 Key
MAD MA MG Rk Lty 0t
0.0 —- 02 - 4234 4 =
XDEF IDEF MDEF KLS, w  Red ""‘*3.1
0.0 -22.86 -1.0b66
XDTH ZDTH MDTH (S+a)
00016572 0.0 0.0

£ Bode Goia P>

TRFN DATA FILE NAME : A:FUWLANSTA.SAYV

QLD file, write over it ( Y/N )7* VY

u W L,THE,DD ,AZ .AZ’',HD ,

Enter no. of eqns to output from 4 thru 7 7

FLYINGWING/LANDING/STARLECONFIG/SL/HEAVY

w ““\ ‘m’"’ H
DENOMINATOR: [.1268;.1972 .0250;. 19561] C.53351.107 .35903.9361
© e Q876> Boie Goln

ORIGINAL PAGE |S
OF POOR QUALITY

B-4



FLYINGWING/LANDING/STABLECONF IG/SL/HEAVY

DEF NUMERATORS:
N (U-DEF)

N (W-DEF)
N (THE-DEF")
N (DD-DEF)
N (AZ-DEF)
N(AZ'—-DEP)

N (HD-DEF)

Rootlecusenin (S*O\
~1.373(.962) (~-16.32

(S +o)

-22.9(9.67)0.17035.225

-1.067(.1202) (.589)

50.1(.0291) (~1.348) (1.935)
=22.9(0.0) (.0288) (-2.18) (Z.65)

-1.323(0.0) (.0286) (8.23) (~-10.61)

22.9(.0288) (-2.18)

Bode Gatny
<21.5>

.0382;.221]
£=. 07553
$-3.80>

“3.

80

(2.65) <-3.80>

FLYINGWING/LANDING/STABLECONFIG/SL/HEAVY

DTH NUMERATORS:
N(U-DTH)

N (W-DTH)
N{(THE-DTH)
M(DD-DTH)
N(AZ-DTH)
N(AZ ' —-DTH)

N (HD-DTH)

0001657 (0. 0)[.522

-.538E-4(0.0) (.423)

«245E-6 <.245E-62

.538E-4L. 16175 .950

-.938E-4(0.0)[.223;
-.93BE-4(0. 0 [.271;

2350

LS3IBE-4L0. 2233 .

31.10 .574;.9381]

<—.228E-4>

<-11.14>

>

<3.80>

<. 000202

. 15363 .9381 <.485E-4>

P50 . 2123.9261]

.950 .257;.9151

{-.485E-4>

$—.485E-4>

<2125.9261 <.485E-~-4>

FLYINGWING/LANDING/STABRLECONFIG/SL/HEAVY

DEF/DTH COUFLING NUMERATORS:

MA{U-DEF/W-DTH)
N (U-DEF/THE-DTH)
N (U-DEF/DD-DTH)
N(U-DEF/AZ-DTH)
M(U-DEF/AZ " -DTH)
N (U-DEF/HD-DTH)

N{W-DEF/THE-DTH)

- 00379 (-2.21)

B-5

L O0OT7F(0.0) (9.66)
LO001768 (. 627)
—-.00830(-1.382) (1.91&)
L O0OZ72(0.0) (=

LOO0Z2Z2(0, 0 (B.19) (~10.,62)

L0366
L.0001109
Lo Q2202
2.21) (2.63)
{—.

e Q220

(2.63)

-.574E-4 <-.374E-4:>

=L Q2202

0220



N (W—-DEF/DD-DTH)

N (W-DEF/AZ-DTH)
N(W-DEF/AZ ' ~DTH)
N (W-DEP/HD-DTH)

N (THE-DEF/DD-DTH)
N(THE-DEF/AZ-DTH)
N(THE-DEF/AZ ' -DTH)
N{(THE~DEF/HD-DTH)
N (DD-DEF/AZ-DTH)
N(DD-DEF/AZ '=DTH)
N(DD-DEF/HD-DTH)
N(AZ-DEF/AZ '-~DTH)
N(AZ-DEF/HD-DTH)

N(AZ '-DEF/HD-DTH)

L001462(-7.76) <—-.011326>

L01136(0.0) <.01136%

001147 (0.0) (2.90) <L.01136>

. 01136 <~.01136>

—-.574E~-4 <-.574E-4>

.S74E-4(0.0) <.3574E~4>

«9D74E-4(0.0) <.574E-4>

-.9574E-4 {-.574E-4>

=.001462(0.0) (0. 0) <-.001462>

~.00261(0.0) (0.0) <~-.00261:

L001462(0.0) <.001462%

L001147(0.0) (0. 0) (0.0) <.001147>

0.0 <0.0>

L001147(0.0) (0.0) <.001147

Q2-26-88 10:36: 25

AFTF completed

B-6



L ANDING

A.

Stakble
RN Te “K{ 1!,\& a5
Pres‘o«\ cC 'T.F.'s
GK,T - - \1 = G
.107,\2]
Gae = Lse = -\ = G\o\
A Cates, .z )23 1wl

From the Root lacus | Flauce &-16), Ko = 1.0

Gev = GOZ/(\ +6ic) = Gl03
GW\4 = Accelualion D Co
G\S 2 Acelerotion D Pilowr
G\ * W DC6

GN® = W DG

e\l = H D Ao (Fron W)
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Pitch Rate Feedback Loop, Stable, Landin

1 l [l L |
L} 1% % ' 10 ' =
Real s
(a)
3 Pitch Rate Feedback Loop, Stable, Landin
lﬂ
2 -
- ke=1
1 il 1 1 L
- . = T fsu ' l
Real s

(b)

Figure B-1, Stable Configuration Pitch Rate
Feedback Loop Root Locus
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LANOQING
A. Skrable | Add © feedbk Yo the system

ecﬁ?' - ? fou .

e rogram &L Tronaker FurcXions
G\ID = Kamp *G’QL » ‘/S
From Fowe 8-2 (), Kamp = 0.0

G2 G = 2.2(.\2 . S89) —~
& ¢z,.210,1, 156 K7, 0]

Plot H ok worous locoMens v creck Sor nom=miamom
phose e fbectks.

Rdce s 6% ) Flque -4

R @ P2 631 | Figuse -3

W Q em@"\g a G\1i% ) Fhsm &-S

C-
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D - - AVOR TR 4

[=<1-H]

Stable Configuration, Outer LWP,,

3
7\w5 =212 "s
= < = 7
2 -
[ Ranp=.6
i
1 | 1 | L
L =3 2
(a) Root Locus
40 Theta Feedback Loop, Stab 98 ?
i Toe
L : — h
28— wc,z‘, 45 3
plo s = o e I S o e
N T e e — —— sl « 2.0
-20 : A/Mz=(+/'l? —\.f‘_""‘-e ——r L Z s ?aﬁ't:%- -45
. : ' Ko ™ 4 . .
-48 = s o et -90
- . 2 L -
-60 | M. GRS S -135
;_ . o~ - N I B
-88 ; i i P P o -18@
:h (‘)u" ~ - . T
“lear ! - ._225
H H . . . e
_129, il 1 LR | s ] H H | !“'278
107} 10% 1ot 18%

Figure B-2,

oo

(b) Bode Plot

Frequency {(rad/sec)

Stable Configuration Pitch Angle

Feedback Loop Root Locus and Bode Plot
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OF POOR QUALITY
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Figure B-3.
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Change In Altitude At The Pilot Location
For The Stable Configuration
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H at CG Response to a 4 deg Theta Command

120
109
1)
68
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19 H at CG Response to a 4 deg Theta Command

Time

Figure B-4., Change In Altitude At The CG
_ For The Stable Configuration

Time



L~ g~ ]

., RO

ORIGINAL Pagg ,
OF POOR QuaLity

128 H at Prop Tip Response to a 4 deg Theta Command
A R 18
108 — o
80 — f,ﬂ'"’-’
60 /"’/
C
s} S
S
w % ’Jl
0"
‘2“ r { i 1 i ]
g ’ 10 - % T4 10
Time
H at Prop Tip Response to a 4 deg Theta Command
10 L — &
8} pd
= -
b y -
4 e
- - d
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_2 e
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-4 ' 1 ! i i i i )
7] 1 2 3 4 9
Tine

Figure B-5. Change In Altitude At The Prop Tip
For The The Stable Configuration




LAND(NG
A. Stoble | Hurer Goin, ess Consecvolive Cose

Ko =2

Guo = Geu = m.a.(fﬂaﬁ(.ée&l_
C.a9,.250 c4s,10la, 2l

G\"\\ = S/e‘c ) F\Sumg G-C
Gwr < \ﬂ D ) F‘wsw; }]-9
Gmy T h Deilot | Fnsoq, ®-%

6\40‘ = \\ O Poe *\P ) Pi%utg, B-0
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4 Elevator Response to a linit Step Theta Command

| T T
- 4 "4 —__‘_-——
|
-8 H
|
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-1.6F1
-2 ! i ] { | ! | A
@ 10 20 30 40 50
Time
4 Elevator Response to a linit Step Theta Command
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-.4 JY ;
B
-8
" !f
1.2
|
-
-1.6-—%
FoY
-2 - ] i ] ! { 1 ] i
7] 1 2 3 4 9
Tine

Figure B-6. Stable Configuration Elevator Response
(Higher Gain Case)
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Theta Response to a linit Step Theta Command

.

(-~
T

B
L L S e s L

Theta Response to a linit Step Theta Command

Figure B-7.

Stable Configuration Pitch Angle Response

(Higher Gain Case)
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70 B at Pilot Response to a Unit Step Theta Command -
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Tine

10 H at Pilot Response to a Unit Step Theta Command
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Figure B-8. Change In Altitude At The Pilot Location
For The Stable Configuration (Higher Gain Case)
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78 #_at CG Response to a linit Step Theta Command
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Figure B-9, Change In Altitude At The CG For The
Stable Configuration (Higher Gain Case)
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70
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H at Prop Tip Response to a Unit Step Theta Command
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Figure B~10. Change In Altitude At The Prop Tip For The

Stable Configuration (Higher Gain Case)

B-19



LANOWG
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Ka., =3
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G\SL = h N | :wyﬂb 13
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ORIGINAL PAGE IS
OF POOR QUALITY

Ztable Configuwration: High Gain Case

1 Elevator Response to a linit Step Theta Command ‘
oe
- g'\‘
el
\.? ‘é-._. ) T ——
2
-1 ,..}.
|
-2
|
-3 : i L i ] L 4 L
] 1@ 20 kT'] 4@ 98
Time
1 Elevator Response to a Unit Step Theta Command ’
23
+ __f’—""\\
7 ey
E- ; s "'-,\.-'. .-.-—_'___,__f———h—-—_
" ——
i
-‘l '—;‘ ;"';
1! ,j
- “ ,""
-2 r" "’_.’"‘
Y | | , i 1 .
8 1 2 3 4 3

Figure B-11.

Stable Configuration Elevator Response
(Highest Gain Case)
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Stable Configuration: Hiah Gain Dase

7 H at Pilot Response to a linit Step Theta Command

Ty
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68
50
40
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28
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T en O
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Figure B-12, Change In Altitude At The Pilot Location
For The Stable Configuration (Highest Gain Case)

B-22



~eo TEO

L i -t =]

ORIGINAL FPACE IS
OF POOR QUALITY

Gtakble Donfigquration: High Dain Case

= 8 & 88 § &

]
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10

H at CG Response to a Unit Step Theta Command

- e
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Tine
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Figure B-13. Change In Altitude At The CG For The

Stable Configuration (Highest Gain Case)
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Stable Uonfiguration: Migh Gain Case
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Figure B-14, Change In Altitude At The Prop Tip For The
Stable Configuration (Highest Gain Case)
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LANOING, UNSTARLE
(if IS=1)
Input File Name; |E|W|L|A |N|U|S|1|-|[|N|P| Output File Name; | | + ¢+ 4 ¢ 4 ¢ jet 4 1 4

AFTF LONGITUDINAL LIFT/DRAG NONDIMENSIONAL DERIVATIVES Date: Y - m‘ -4
dd - mmm - yy

. Flight Condition Identifier; <FCI: 60 Characters or Numerals

FL Y, NG VT NG ¥,0 A Ag,L £ LSt/ HEAV Y,

¢ of Controls include Throttle but not Gust; < 6
With Gusts = 1: W/O Gusts = 0
Polynomial Coeff. ='1; Without = 0
With CPLG KM = 1; Without = 0
Save Eqn. = 1; W/O Save Eqn. = 0

Long. Nondim C!_ , CD
0 NRHS NG NPC 1 0 Iice 1S
o ’ a ] 0 ] O H] 1 ? o ? ' ’ ‘

S(ft))  c(ft) € (deg) 1(fr) W(Ib) I (slgfc) 1. (fr) 1, (fr) 1. (fE)

2%a0 . 219 , _Q , O , 1aqi4s |, g2yt . 162, o , 2).3

{h(tL) if p=0}

P[%&] a(fps) Vl.o(fps)\/ MACH a (deg) -1°(deg)

o ,_0 , 1938 , _o ,_ O _,_ &

cl’ v CLG ch CLH CD v CDav/ CDH
_Lyg ., 439 ,_0 , O, M7 , .22 , __O

Ca, C"d Ca, C, . OT/8M  &T/3sTh

28 .o, 3% L, _0 e | I |

g Cup Cag (define §; below)
o _, 9% , =20 : ELEVON N PiT(H

’ 1

L&Lé-l-&llLlJJtllljplll].l 'E NS RS WA TR B |

ORIGINAL PAGE 15
B-25 OF POOR QUALITY




AFTF FILE N&ME

A: FWLANUSA. INF

02-26-88

10:23: 26

FLY INGWING/LANDING/UNSTABLECONF IG/SL/HEAVY

GEOMETRY:
vT ALFPHA GAMMA LX A LX H LLX D
198.0 0.0 0.0 16.70 0.0
A RHO MACH XI10 zJ pmploadbn
1116.3 . OQ2E77 . 17735 0.0 0.0 -
S C WEIGHT 1Y ALTITUDE
2800.0 21.90 194140, 834300, 0.0 -
NON-DIMENSIONAL DERIVATIVES:
cL CLA CLAD CLM
1.480 4,390 0,0 0.0
CMA CMAD cMQ cMM
250 0.0 -1.380 0.0
cDh CDA CDM ™ TDTH
L4070 . RI20 0.0 -9417.0 1,000 -
CDDEF CLDEF CMDEF
0.0 . 740 —. 260
DIMENSIONAL DERIVATIVES:
XU U = XW TU
-, 0888 -, 09028 . 05784 —-. 00132978
Zu FANNE ZWD W
-~ 3232 - 3232 0.0 -, 923
MU MU MWD MW
0.0 Q0.0 0.0 . Q06054
MAD MA MG
0.0 1.1984 —-. 2614
YDEF IDEF MDEF
Q.0 ~-15.999 -. 8904
XDTH {DTH MDTH
LO0016572 0.0 Q.0
TRFN DATA FILE NAME A: FUWLANUSA. SAY
OLD file, write over it ( Y/N )»? V¥
4 W ,THE,DD ,RZ ,AZ',HD ,
Enter no. of eqns to output from 4 thru 7 7
FLYINGWING/LANDING /UNSTABLECONFIG/SL/HEAVY
DEMOMINATOR: {(=.745) (1,301 0,251,237 .0897;.2301 <-.0830"

B-26
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FLYINGWING/LANDING/UNSTABLECONFIG/SL/HEAVY

DEF MUMERATORS:
N (U-DEF)
N (W-DEF)
N ( THE-DEF')
N (DD-DEF) 35
N (AZ-DEF)
N(AZ '-DEF)

N (HD-DEF)

=. 957 (. 9635) (-19.63)

~.8%0(.1287) (.594)

+18.

-16.0(11.29)[.1891;.22

.06.0382) (—-1.538) (2.05)

=16.0(0.0) (.03T78) (-2.49) (2.80) 4,21 !

16. 0. 0378) (-2.49) (2.80)

FLYINGWING/LANDING/UNSTARLECONFIG/SL/HEAVY

DTH NUMERATORS:
NM(U-DTH)
N(W-DTH)

N(THE-DTH) -.
N(DD-DTH)
N(AZ-DTH) -.

NM{AZ -DTH) -.

N (HD-DTH)

~.536E-4(0.0) (.261)
I24E-6

CSILE-4(-.217) (1.307)

«SI6E-4(-.972) (1,223

LO001657(0.0) (-.710) (1.,495)

L= JZ24E-62

STEE-4 (0.0 (-, 972) (1.233)

SI6E-4(0.0) (-1.018)(1.178)

FLYINGWING/LANDING/UNSTABLECONFIG/SL/HEAVY

DEF/DTH COUPLING NUMERATORS:

N (U-DEP/W-DTH)

N (L-DEF/THE-DTH)
N {(U-DEF/DD-DTH)
N(U-DEF/AZ-DTH)
N (U-DEF/AZ " =DTH)
N (U-DEF/HD-DTH)

MI{W-DEF/THE-DTH)

LO0265(0.0) (11.28)

L0001476(, 653)

—. Q0372 (~1.570) (2.03)

LO0Z265(0.0) (=2.31)

001871 (0. M A(7.89) (—~12.52)

—. 00265 (-2,

~.477E-4 <~.477E-4%

B-27

513 (2.77)

14>

L0428 02221 <-9.27:

= 06815

T=4,21%

=1.129(0.0) (.0376) (7.94) (-12.51) <4.21>

<=4.21>

L= Q001760

{=.1400E-4

T, G4Z2E-4 5

“e 642E-4

. bd42E-45

$~. 64ZE~4>

L. 0299

L. QIIE-4

<.01848%
(2.77) «—-.01848>
“=.01848>

£.01848>



|
|
N (W-DEF /DD--DTH) LOCG1O01&6(-F.320) <-.00944%
N{(W-DEF/AZ-DTH) LQOF44 (0. G) <. 009445
N(W-DEF/AZ "=DTH) L0007926(0,0) (11.86) +,00944:
N{W-DEF/HD-DTH) -.00944 <-,00944:
N (THE-DEF/DD-DTH) -.477E-4 <—-.477E-4:
N(THE-DEF/AZ-DTH) .A477E-4(0.0) <.477E-4:
N(THE-DEF/AZ '-DTH) A77E-4 (0. 0) <.477E-4>
N(THE~-DEF/HD-DTH) -.477E-4 <-.477E-4:
N{(DD-DEF/AZ-DTH) ~—.0010156(0.0) (0.0Q) <-.001016%

N{(DD-DEF/AZ'-DTH) -.001812(0.0) (0.0) <—,001812>

N{(DD-DEF/HD-DTH) L001016(0.0) Z.001016%
N(AZ-DEF/AZ '-DTH) LO00726(0.0) (0.0) (O, 0) £,000796%
N{AZ-DEF/HD-DTH) 0.0 0.0
N(AZ ' -DEF/HD-DTH) L0076 (0.0) (0.0) <.0Q00796%

02-26-88 10:25:09
AFTF completed

B-28



B. Unshbe
A/ SJ Q
: ‘*_ 'Gea G'A 3 A/C, >
GA - :—\1?—-— = G\m
f.‘lo‘i'\ﬂ
GﬁQ = M = GuWo K%: 3-'5, ‘/Trtf- s
S
Gae = =300\ : = 6N
SR (RS TN L !
Gz = OUTF = G\ % GUOAX G\W ) Fqee 615
Guz = CUTF =_a.ﬁ.ﬁ_saw.)£‘m:l.$aaefusl-
CroaX.935)(. 136, 25210 . %054 |
G\HS = %/9; ) F‘t}uﬂ. G-\
G\"lb =R U 'F‘%\)(L 619
G\"rl = \'\ &P\\b* ’?l‘xorg &3

Gwg = W P\‘OPT\Q y Fique ©-20
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Figure B-15. Unstable Configuration Root Locus Plot
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Figure B-16. Unstable Configuration Elevator Response
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Figure B-17. Unstable Configuration Pitch Angle Response
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For The Unstable Configuration
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Elevator TF: Stable (high gain case)
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CRVISE , STABLE

(if IS=1)
Input File Name; B\ ,&,I,‘,A,“.lllgle, Output File Name; _ |, | .\ \ 1 4 sey 4 3 4
AFTF LATERAL NONDIMENSIONAL INPUT 4 Date: - -

dd - mmm - yy

Flight Condition Identifier; <FCI: §) Characters or Numerals

,E,|,,!,|,Hﬁ,\d.|.ﬂ.&.[,(,@,ms|§|ﬁ|[|§|T|A|8|L|€|/|C|L1=uiSnS!/lLlﬂlTnDnllfl T T

# of Controls but not Gust; < 6

With Gusts = 1: W/O Gusts = 0

Polynomial Coeff. .= 1; Without = 0
With CPLG N = }; Without = 0
Save Eqn, = 1; W/O Save Eqn. = 0

Nondim Unprimed i ‘

Lat.
1 NRHS NG NPC 1 0 I1CC Is
1,2 , 0 , 0 , 1 ., 0 ,. 0.4

I (slg-ft?) I,(slg-ft?) I, (slg-ft?) W(1b)  S(ft?) b(ft)

5519273 . LiSLHS9 ., _Q @43 , 4o, 172

{h(ft) 1£ p=0}

p(s;l;?J a(fps) V; (fps) MACH

0)

s Hoood , 623, _O

a,(deg) 7, (deg)

1L(ft) 1.(ft) ag(deg)

O H O ’ o 1] o ’ 0

c,ﬂ clﬂ cnp Cy, Ca, Cy, Co
-_._\i__s s T2 O3 037 » DLOISS ’13"3 ’ =022 y 2.070%2 , =0.01S S

C’& C,_‘S Cn‘s (define 51.1 below; 3 characters)
0O ,poH§ ,-.00% .E.kxm_r.a& Aileron

Q 0O, 007 P Sol Rudder

Control Symbols (except thrust) §, , . Use 3 characters; left justified:
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ORIGINAL PAGE |5

OF POOR QuALITY T

(if IS=1)
Input File Name; |E|WIL|A| I |"‘lﬁ| Iy 1N Td} Output File Name; | 4 , 4 o+ 3 4 4ot 4 4 s
AFTF LATERAL RONDIMENSIONAL INPUT . Date: M -3aN -%2

dd - mmm - yy
Flight Condition ldentifier; <FCI: 60 Characters or Numerals
<] iZ1e 1 o)

§ of Controls but not Gust; < 6
With Gusts = 1; W/O Gusts = 0
Polynomial Coeff,.= 1; Without = 0
Hith CPLG N4 = 1; Without = 0
Save Eqn. =« 1; W/O Save Eqn. = 0

Lat. Nondim Unprimed ‘ ‘

1 NRHS NG NPC 1 0 ICC 1S
—I_'J_’—_Q_’_LD_L_’L'.—Q_D_!_

I (slg-ft?) I (slg-ft?) I_(slg-ft?) W(lb)  S(£c®) b(fr)
2o L HASKR O, B4R, 2300 ., Lt

{h(£t) 1£ p=0)

1
p(-i—j) a(fps) Vro(fps) MACH
. -0 _ . gmﬁa_ v ﬁz I ’ _L_

a,(deg) 7,(deg) L (fr) L(fr) ag(deg)

0 ’ O ’ 6 1 _.o___ ? .Q—

c,p Cug Cog Cy C,, ¢, Ca,

C},‘s ' Cls C"S (define ) below; 3 characters)
O ,0.04% , 0% Elevon s Aileron

[ ») . 1007 : _Sol+ Qudder

Control Symbols (except thrust) 81'2“"5. Use 3 characters; left justified:

M'LD_LS_L&J:IJI~I,IIIJ)I!!_J:LII4
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AFTF FILE NAME

GEOMETRY:

vT
629.0
IX
. 3P11E+7
=)
2800.0

ALFHA
0.0
17

. 4315E+7

B
144.0

GAMMA
0.0
IXZ
0.0
RHO
- DO05890

NOM-DIMENSIONAL DERIVATIVES:

CYB
-. 1520
CLF
=. 3430
CYDEA
0.0
CYDSR
0.0

CLE

—-. 04590
CNF

-. 02780
CLDEA
. 0480
CLDSR
0.0

CNE
01710

CLR
076320

CNDEA
=. 00380

CNDSR
. QO700

UNFRIMED DIMENSIONAL DERIVATIVES:

YV

~. 013064
LF

-.47164
YDEA
0.
YDSR
0.0

LE

-.5514
NF

—-. 03464
LDEA
L5766
LDSR
G0

NE
- 18615
LK
-10491
NDEA
—-. 06514
NDSR
07620

FRIMED DIMENSIOMAL DERIVATIVES:

YR
-8.218
LF
-. 4714
YDEA*
.0
YDSR#*

0.0

TRFN DATA FILE NAME

QLD +ile, write
B WF LR

JEHI,AY

LE NE
-.5514 . 18615

NF LR
~. 03464 . 10491
LDEA’ NDEA’
L3766 -.0D6%14
LDSR” NDSR -

0.0 Q7620

A: FWLATCEL. SAV

over it  Y/N )7 Y

,LAD,

10:13:49

LX
0.0
AG
0.0
W
194140,

CNR
-, 00700

NR
-. 008723

NK

—~. 008723

Enter no. of eqns to output from 4 thru 6

FILYINGWING/CRUISE/UNETABLE/CL=.37/LATDIR

DENOMIMNATOR:

{—. 00553 (
L=, 000754

B-40

Lz
0.0
ALTITUDE

A
968.1

L3366 L0683 .41 - 03385 .4501
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FLYINGWING/CRUISE/UNSTABLE/CL=.37/LATDIKR
DEA NUMERATORS:
N {BE—~DERA) L0631 (~.001029) (1.257) <—-.B1&6E~4>
N (P-DEAR) nS77(0.0)0.014525.3535 .00515;.355]) <.0725>
N(R-DEA) —-.0631(-.232)(.392) (.643) <.00371:
N(FHI-DEA) «S5770.014532; .355 .00515;5.3551 <.0725:>
N(AY~DEA) -.512(-.001029) (1.257) <.000671

N (LAD-DEA) L02870-.0354; .360 -.01275;.3591 <.00371>

FLYINGWING/CRUISE/UNSTABLE/CL=.3Z7/LATDIR
DSR MUMERATORS:

N(B-DSR) —.0762(-.01113) (.483) <.000409>
N{(F-DSR) LQ0799(0.0) (5.27) £.0421>
N{R-DSR) LO762(.563)[-.17453.224 -.0391;.2211 <.00215>

N{(FHI-D5R) SQ0799(5.27) <.0421%

N (AY-DSR) :626(—.01113)(.483) - 003365

M (L.AD-DSR) LOOOP9E6L0.3031.470  .441531.4027 <.00215>

0Z2—-08-88 10:14: 38
AFTF completed
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0z2-08-88

o

¢ h
v . Ty WP
TR SRR Gk BB R R N T it

GEOMETRY:
VT ALFHA GAMMA LX
629.0 0.0 0.0 0,0
IX 12 IXZ Al
. SS79E+7 L H156E+7 0.0 0.0
s E RHO W
4000.0 172.0 . 000580 194140,

NON-DIMENSIONAL DERIVATIVES:

CYE CLE CNE
-. 1380 —. Q3280 . 01550
CLF CNF CLR CNK
—. 2420 ~. 02620 » Q7220 - Q07350
CYDEA CLDEA CNDEA
0.0 . 0480 —. Q00Z00
CYDSR CLDSR CNDSK
G.0 0.0 . Q0700

UNFRIMED DIMENSIONAL DERIVATIVES:

YV LE NE
-. 016944 -.4712 L2018

LF NF LR NR
-.6738 —-. 04564 .1418%2 -. 013351

YDEA LDEA NDEA

0.0 . 6896 —. 03906

YDSR LDSR NDBR

Q.0 .0 L9114

FRIMED DIMENSIONAL DERIVATIVES:

YR LB ° NE
-10.658 -. 4712 L2018
LF NF - LR NR
- . 758 —~. 04564 14182 -. 01373251
YDEA* LLDEA” NDEA '’
Q.0 . 68%& - . QIF06
YDSR* LDSR " NDSR '
0.0 G.G LOF114

TRFN DATA FILE MNAME : A:FWLATCAL.SAYV
OLD File, write over it ( Y/N »>7 Y
B ,F R LFHI,AY ,LAD,
Enter no. of eqns to output from 4 thru &

FLYINGWING/CRUISE/STABLE/CL=.35/LATDIR

DENOMIMNATOR:

(= Q0622 (734 - 02732 .501

S 00114735

B-42
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FLYINGWING/CRUISE /STAELE/CL=.Z5/LATDIR

DEA MUMERATORS:

N (B-DER)

N (F-DEAR)

N{R-DEA)

N(FHI-DEA)

N (AY-DEA)

N (LAD-DEA)

LOZ91 (L0020) (2,40)
LHEF0(0. M L.02665.419

—. 0391 (-.289) (.386) (1.417)

LHF00.02665.419
=416 (. 0020) (2, 40)

L0460, 02745 . 422

FLYINGWING/CRUISE/STAELE/CL=,Z5/LATDIR

DSR NUMERATORS:
N (E—-DER}
N (F-D5SR)

N (R-DSR)

N(FHI-DSR)
N(AY-DSR)

M (l.AD-DSRKR)

AFTF completed

—.0711(-.01061) (.684)

L01293(0.0) (3.34)

L0911 (.721)0-.083

£, 002200

LOE29T(ELE4)

L5971 (~.01061) (,684)

LG015440.46251.193

02-08-88

B-43

.01113;.418)

L.0001878-
L01113;,.4181 <.12085>
<. 00618>

. 1208
Se—a QOO0

-.01139;.4221 <.00618>

CLOO00662F

L. 04ZT25

;.1829

-. 015273 .18221

L 04ZT2

L= QTGS

.95151.038]1 <.00220:

10:12:56




AFTF FILE NAME :

: B
STt o N

02-08-88

FEYINGWERG/S:CR

e el kc.iu Rk W\‘Q}i‘w}!u A I

GEOMETRY:
vT ALFHA GAMMA LX Lz
456.0 0.0 0.0 0.0 Q.0
IX 1Z IXZ AG
COS79E+7 -6156E+7 Q.0 0.0
S B RHO W
4000, 0 172.0 L0012673 1941430, 1036.9
NON-DIMENSIONAL DERIVATIVES:
CYE CLE CNE
-. 1520 -. 043590 01710
CLF CNF CLR CNR
-. 34320 -. 02780 Q7630 - Q0700
CYDEA CLDEA CNDEA
0.0 . 0480 ~- . 00ZT00
CYDSR CLDSR CNDSRK
Q.0 0.0 L0700

UNFRIMED DIMENSIONAL DERIVATIVES:

YV LE NER
-.02911 -.7457 L2518
LF NF LR NR
-1.0510 - 07720 233 -.019438
YDEA LDEA MDEA
0.0 L7799 -.04417
¥YDSR LDSRK NDSR
Q.0 0.0 <« 10307
FRIMED DIMENSIONAL DERIVATIVES:
YE LE - NI
-13.274 -. 7457 L2518
LF - NF LR NR
-1.0510 —O7720 2238 -. 0174328
YDEA* LLDEA" NDEA '
Q.0 L7799 -.04417
YDSR#* L.DSR’ NDSF -
0.0 0.0 10307
TRFN DATA FILE NAME : A:FWLATCAZ.5AV
OLD file, write over it ( Y/N )37 Y
B JF SR LFHI,AY ,LAD,
Enter no. of eqns to output from 4 thru & &

FLY INGWING/5-CRUISE/STABRLE/CL=.Z7/LATDIR

(—.008Z7){1.11&6)[~.
= 003135

DENGMINATOR:

B-44

QOLT7T

q e

583 ~.00396;.58731]

ORIGINAL PAGE IS
OF POOR QUALITY




FLYINGWING/S-CRUISE/STABLE/CL=.Z7/LATDIR

DEA NUMERATORS:

N (BE-DEA)

N(F-DEA)

N (R-DEA)

N(FHI-DEA)

N(AY-DEA)

N(LAD-DEAR)

<0442 (. 00211) (Z.66) =.0003415

L7B0(0.0)[.038B6;.458 .01765;.4581]

= 04482(~.296) (L373) (2.37) <.01154>

. 780L0.03865;.458 .01765;5.4581 <.1636>

S Q0453

~.586(.00211) (3. 686)

LO538L-. 05555 . 467 —.0257;.4621

FLYINGWING/S-CRUISE/STABLE/CL=.37/LATDIR

DSR NUMERATORS:
N (B-DSR)
N{F-D5R)
N (R-DSR)

M(FHI-DSR)}
N (AY-DSR)

NI{LAD-DSR)

AFTF completed

= 1031 (-.01548) (1.066) <.0G17025

SOZ41(0.0) (3.22) 4.0776F

L1031 (1.096) -, 036355 .219 - 007965 .219]

L0776

L0241 (X, 22)

L= Q226

1.368(-.01348) (1.0466)
LOGIO0.60251.3545 L. 00533

LB80951.0741]

02-08-88 10216202

B-45

“.01154%

<. 16365

L 005435



AFTF FILE MNAME

PGt ee et

GEOMETRY:
vT
5I39.0
IX
- I911E+7
s
2800.0G

ITSELY

Fer & e L RN NT Yoo LD s

ALFHA
0.0

1z

AI1SE+7

R
144.0

GAMMA
Q.0
IXZ
0.0
RHO
0012673

NON-DIMENSIONAL DERIVATIVES:

CYER
-. 1520
CLF
-. 3430
CYDEA
0.0
CYDSR

0.0

CLE
-. 04590
CNF
-. 02780
CLDEA

. 0480

CLDSK

0.0

CNE
LO1710
CLR

L Q763Z0
CNDEA
-, 00580
CNDSR
L QO700

UNFRIMED DIMENSIONAL DERIVATIVES:

YV

-, 0240%
LF

-. 8696
YDE®4
GO0
YDSR

Q.0

LR

-.871%2

NF

-. 06387

LDEA
L9110
LDSR

0,0

NE
2941
LR
. 192345
NDEA
-. 07976
NDSR
12040

FRIMED DIMEMSIONAL DERIVATIVES:

YE
-12.584
LF
- . B6%6
YDEA*
0,0
YDSR*
e

TRFN DATA

FILE NAME

LE

-.871%2

NF

-. 06387

LLDEA’
L2110
LDSR”’

Q.0

NE
L2741

LR 7
193545
NDEA”
-. 09974
NDSR *
. 12640

A: FWLATCEZ. 5AV

LX LZ

0.0 0.0
AG ALTITUDE
0.0 P

W A
194140, 1036.9

CNR

- QG700

NR
-. 016084

NR 7
—-. 016084

OLD Ffile, write over it Y/N 7
B ,F R (FHI,AY ,LAD,
Erter no. of eqns to output from 4 thru & b

FiLy ITMGWING /S-CRUTEE/UNSTARLE /CL=. Z7/LATDIR

CENCMIMATOR:

(= 00829 (L5 [-. 0303 . 620

L 0QESES

B-46

-. 0187935 .46171



FLYINGWING/S~-CRUISE/UNSTABLE/CL=.Z%7/LATDIR

DEA NUMERATORS:
N (B-DEA)

N (F—-DERA)
N(R-DEA)
N(FHI-DEA)
N (AY—-DEA)

N (LAD-DEA)

L0998 (~,001291) (2.00)
LP11(0.0)0.021%5.446
=.0998(-.241) (.322) (1.396)
«F110.02135.446 .00949;5.4461]
=1.295(~.0013921) (2.00) <.00360:>

LO0SZ200-. 07945 .456 -.0362;.455

FLYINGWING/S-CRUISE/UNSTABLE/CL=.37/LATDIR

DSR NUMERATORS:
N (BE-DSR)
N (F-DSR)
N (R-DER)
N(FHI-DSR)
N(AY-DSR)

M {LAD-DSR)

AFTF completed

=.1204 (-, 01309} (.883)
LO233(0.0) (4,.33) <.1055%
L1204 (.931) [-.07945 . 236
LO2TZ(4.83) L1035
1.563(-.01209) {.883) <

LO02900.43%31.470  .67551.3061]

0Z2-08-88 10:217:20

B-47

.00949; . 4461

K.001391 %

—-. 018763 .2361

—. 01807

L OOOZT B

. 1809

. 01082k

“. 1809

] €.01082:x

L. Q0627

L. Q0627



AFTF FILE NAME :

10:17:45

0Z-08-88

WING e ERUIBEYSTABCEY CELIS A/ PaTBT Rl

PR ARt ratytasben, vy

GEOMETRY:
vT ALFHA GAMMA LX
259.0 0.0 0.0 0.0
IX 1Z IXZ AG
L18631E+7 . 2038E+7 0.0 0.0
5 B RRHO W
4000, 0 172.0 COO1267E 647900,

NON-DIMENSIONAL DERIVATIVES:
CYER CLE CNE
~. 1520 -. 04590 L01710
CLF CNF CLR CNR
-. 34320 —-. 02780 076320
CYDEA CLDEA CNDEA

Q.0 . 0480 -, 00Z00
CYDSR CLDSK CNDSHK
Q.0 0.0 L Q0700

UNFRIMED DIMENSIONAL DERIVATIVES:
YV LE NE
-. 04947 -. 7197 2430
LF NF LR NR
-1.7837 -.13117
YDEA LDEA NDER

Q. L7526 —. 042462
YDSR LDBR NDSR
Q.0 Q.0 L 09947

FRIMED DIMENSIONAL DERIVATIVES:
YR LB NE
—. 7197 24320

F NF LR MR
-1.7857 -~ 13117 L3972 - OE30T
YDEA® LDEA" NDEA -

D0 . 7826 - 04263
YDSH#* LDSR” NDSR -
G.0 0.0 L05947

TRFHM DATA FILE NAME A:FWLATCAZ. 34V
D Fi1le, write over it  Y/N 37 Y
B F R LFHI,AY ,I.AD,
EFnter no. of eqns to ocutput from 4 thru &

FLYIMGWING/E--CRUISE /STARBLE/CL=.Z7/LATDIR

(=, 014726 (1214 LLCET7Y: .0

G-, 00904

DEMOM ERETOR:

B-48

— Q0700

L3972 — . 0OZEZ0E

LZ
0.0
ALTITUDE

03415 .5881]



FLY INGWING/E-CRUIEE/STABLE/CL=.37/LATDIR

DEA NUMERATORS:

N(B-DEA)

N (F-DEA)

N(R-DEA)

M{(FHI-DEA)

N {AY—-DEA)

N (LAD-DEA}

L4226 (L 00T67) (H.29)

L753(0.0)[.06665.450

LOZ0;

1. 000985

4491 .15263

= 0426 (~.294) (.371) (4.07) <.01892:

.7S3I0. 06665 . 450
~. 546 (. 00367) (6. 29

LO0F150-,.09215 .45

L0303 . 4491
) <=.01262%

-.0419;.4

FLYINGWING/E-CRUISE/STABLE/CL=.37/LATDIR

DSR NUMERATORS:
N {(B-DSR)
N{FP-DSR)
N(R-DER)

M(FHI-DSR?
N{AY~-DSR?

N (LAD-DER)

AFTF completed

= 095 (-, 0272) (1.8
L0395 (0.0) (1.861)
L0995(1.814)0.048

L0395 (1.861) .07

1.274(—,0272) (1.8173)

S2049201.033) (1.7

G2-08-88 10

B-49

13) <.00491
< 0735
4;.222 .01

e .
S

31)

18: 34

<. 15262

L. 018925

531

0755 .222] <.00890:

L= 0629

4. 0080



AFTF FILE NAME :

1021912

* ‘AG'AE:.’?A.'JE“ IR S Wy TN ',.‘..\Zf,\: fin Lol »IHE%
GEOMETRY:
VT ALFHA GAMMA LX
F11.0 0.0 0.0 0.0
IX 17 IXZ AG
.11683E+7 . 12892E+7 0.0 0.0
5 B RHO W
2800.0 144.0Q 0012673 S8000.

NOM-DIMENSIONAL DERIVATIVES:

CYE CLE CNE
-. 1520 —-. 04590 L01710
CLF CNF CLR CNR
-, 34730 -, 02780 LO76Z0 — . OOT700
CYDEA CLDEA CNDEA
Q.0 . 0480 -. 00580
CYDGR CLDSE CNDSR
0.0 0.0 L Q0700

UNMFRIMED DIMENSIONAL DERIVATIVES:

YV LE NE
—-. 04652 -. 9708 3278

LF NF LR NR
-1.47%6 - 12337 37326 -. 03106

YDERA LDEA NDEA

0.0 1.0152 -.11117

YDSR LDSR NDSR

Q.G 0.0 . 13418

FRIMED DIMENSIONAL DERIVATIVEGS:

YE LB - NE
-14.46%9 -, 2708 . 3278

LF NF LR - NR
-1.67926 - 123357 . S736 —. 03106
YOEA* LDEA NDEA -

0.0 1.0152 -. 11117
YDER* LDSR”’ NDER

0.0 0.0 13415

TRFM DATA FILE NAME : A:FWLATCEZ. 3AV

OLD file, write over it  Y/N )7 Y

E ,F R LJFHI,AY ,LAD,

Enter no. of egns to cutput from 4 thru 1)

FLY INGWING/E-CRUISE/UNSTABLE/CL=.Z27/LATDIR

DENOMIMATOR: (= 01222 (1.728) L0205 . 671
-, 00954 #
B-50

1036.9

L0215 . 6751

OF POOR QuaLITY



FLYINGWING/E-CRUISE/UNSTABLE/CL=.37/LATDIR

DEA NUMERATORES:

N (E—~DEA) «1112(-,00248) (Z.73) «<~.001035>

N (FP-DEA) 1.015¢0.0)[.0390;.470 .01834;.470] <.224:

N(R-DEA) -.1112(-.240) (.314) (2.78) <.0233>
N(FHI-DER) 1.0150.0390;5.470 .01834;5.4701 <.224>
N(AY—-DEA) —1.609(-.00248) (I.75) <.01498>
N(LAD-DEA) L0F9990-.16125.483 —.0778;.4761 <.0233>

FLYINGWING/E-CRUISE/UNSTABLE/CL=.27/LATDIR

DSR NUMERATORS:

N(E—-DSR) —.1342(-.0227) (1.702) <.00519>

N{(F-DSR) LOS01(0.0) (2.64) <.1326

N(R-DSR) L1242(1.715) [, 023595 .242  .0056%9;.242) <.0
N(FHI-DSR) L0501 (2.864) <, 1326

N (AY~DSR)

MN{LAD-DSR)

AFTF completed

1.941(-.0227) (1.702)

JO0S2AL. 8545 1. 470

02-08-88

L=, 0751

1.23

1.7641]

10:20:10

Ll 013495

A

e

ORIGINAL PAGE IS
OF POOR QUALITY




1. Report No. 2. Government Accession No. — 3. Recipient’s Catalog No.
NASA CR- 181806

4. Title and Subutie 5. Report Date
Tailless Aircraft Performance Improvements March 1989
with Relaxed Static Stability 6. Performing Organization Code
7. Authar(s) 8. Performing Organization Report No.
Irving L. Ashkenas and David H. Klyde STI-TR-1252-1
10. Work' Unit No.
9. Performing Organization Name and Address 505-66-01~-02

Systems Technology, Inc.
13766 South Hawthorne Boulevard

11. Contract or Grant No.

Hawthorne, CA 90250 NAS1-18524
13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address CONTRACTOR REPORT

National Aeronautics and Space Administration
Langley Research Center
Hampton, VA 23665-5225

14. Sponsoring Agency Code

15. Suppiementary Notes
Langley Technical Monitor: William D. Grantham

16. Abstract

The purpose of the work reported here is to determine the tailless aircraft
performance improvements gained from relaxed static stability, to quantify this
potential in terms of range-payload improvements, and to identify other possible
operational and handling benefits or problems. Two configurations were chosen
for the study: a "modern" high aspect ratio, short-chord wing proposed as a
high-altitude long endurance (HALE) RPV; a wider, lower aspect ratio, high

volume wing suitable for internal stowage of all fuel and payload required

for a manned long-range reconnaissance mission. Flying at best cruise altitude,
both unstable configurations were found to have a 14 percent improvement in range
and a 7 to 9 percent improvement in maximum endurance compared to the stable
configurations. The unstable manned configuration also shows a 15 percent
improvement in the 50 ft takeoff obstacle distance and an improved height response
to elevator control. However, it is generally more deficient in control power
due to its larger adverse aileron yaw and its higher takeoff and landing Cp,,

both due to the downward trimmed (vs upward trimmed for stable configurations)
trailing edge surfaces.

17. Key Words {Suggested by Author(s)) 18. ODistribution Statement

?ailless, relaxed stability, UNCLASSIFIED — UNLIMITED
improved performance, flying wing,

control power Subject Category 08
19. Security Classif. (of this report! 20. Security Classit. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 140 AQ7

For sale by the National Technical Information Service. Springfield. Virgimia 22161




